
DESCRIPTION 

THERMOPLASTIC ELASTOMER COMPOSITION 
AND MOLDED ARTICLE 

TECHNICAL FIELD 
The present invention relates to a thermoplastic elastomer 
composition excellent in moldability, heat resistance, weather 
resistance, chemical resistance, adhesivity, flexibility and abrasion 
resistance. Further, the present invention relates to a composition for 
powder slash molding and a powder slash molded article using the 
composition. 

BACKGROUND ART 
15 It is known that an acrylic block copolymer having methyl 

methaciylate as a hard segment and butyl acrylate as a soft segment 
has properties as a thermoplastic elastomer. For example, the 
mechanical properties of an acrylic block copolymer having a 
methaciyl block and an acryl block which is produced by an iniferter 
20 method are disclosed (Patent Reference 1). 

The acrylic block copolymer has characteristics excellent in 
weather resistance, heat resistance, durability, oil resistance and 
abrasion resistance. Further, an elastomer which is extremely soft in 
comparison with other thermoplastic elastomers such as a styrene 
25 block copolymer can be provided by suitably selecting components 
composing the block copolymer. 

As uses making use of the properties of the acrylic block 
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copolymer, there has been expected development as various superficial 
skin materials, interior materials, and a material for a part which is 
directly touched by a hand making use of smooth feeling thereof. 

As physical properties necessary for these superficial skin 
5 materials, there are resistance to chemicals which may be possibly 
contacted, further, the adhesivity of superficial skin with a substrate 
when the superficial skin and the substrate are directly adhered, the 
adhesivity of the superficial skin with a buffer material when the buffer 
material is provided between the superficial skin and the substrate, in 

10 addition to mechanical properties, scratch resistance, heat resistance, 
strain restorability. As the molding method of the superficial skin 
materials, the powder slash molding using soft powder material which 
is a powder molding method is widely adopted for the superficial skin 
of interior equipments for an automobile such as an instrument panel, 

15 a console box and a door trim. This is caused by that they have soft 
texture, skin crepe and stitch can be provided, further, the degree of 
freedom in design is large, and designing property is satisfactory. 
Since a forming pressure is not applied in the molding method, 
differing from other molding methods such as injection molding and 

20 compression molding, it is a condition that powder flowability is 
excellent because the powder material is required to be uniformly 
adhered on a mold with a complicated shape at molding and 
simultaneously, it is also a condition that melt viscosity is low because 
powder adhering on a mold is melted and a film is required to be 

25 formed by flowing \mder no pressure. As the material, a polyvinyl 
chloride sheet has been conventionally widely used because it is 
excellent in hardness of a surface in use and flexibility, but since a 
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polyvinyl chloride resin contains a lot of chlorine in its molecules, there 
is fear of great adverse effect on environments and an effective 
substitute material is desired (Patent Reference 2). Accordingly, a 
sheet molded article of a thermoplastic elastomer has been 
5 conventionally developed as the substitution of the polyvinyl chloride 
resin (Patent Reference 3, Patent Reference 4, and Patent Reference 5). 
Hov/ever, sheets using a polyolefin resin and a styrene elastomer are 
insufficient in abrasion resistance, flexibility and oil resistance. 
Further, a sheet using thermoplastic polyurethane was poor in 
10 moldability, and also has a problem from the viewpoint of the cost 
thereof. 

Patent Reference 1: Japanese Patent No. 2553134 
Patent Reference 2: JP-A-5-279485 
Patent Reference 3: JP-A-7-82433 
15 Patent Reference 4: JP-A- 10-30036 

Patent Reference 5: JP-A-2000- 103957 

DISCLOSURE OF INVENTION 
An object of the present invention is to obtain an acrylic 
20 block copolymer composition improving melt flowability at molding and 
being excellent in heat resistance in addition to maintain weather 
resistance, chemical resistance, adhesivity, flexibility and abrasion 
resistance which are the characteristics of the acrylic block copolymer. 

As a result of repeating intensive studies in order to solve 
25 the above-mentioned problems, the present inventors have found that 
the problems can be effectively solved by converting the acrylic block 
copolymer to having a high moleculair weight or crosslinking the acrylic 
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block copoljrmer at molding, and reached the present invention. 

Namely, the present invention relates to a thermoplastic 
elastomer composition comprising an acrylic block copol3niier (A) which 
comprises a methacrylic poljnuer block (a) and an acrylic poljnner block 
5 (b), wherein at least one of polymer blocks among the methacrylic 
polymer block (a) and the acrylic poljrmer block (b) has a functional 
group (X), and a compound (B) containing 1.1 or more of functional 
groups (Y) in one molecule. 

A preferable embodiment relates to the thermoplastic 
10 elastomer composition, wherein the functional group (X) is at least one 
kind of functional groups selected from an acid anhydride group, a 
carbo>cyl group, a hydroxyl group and an epoxy group. 

A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein the functional group (Y) is at least one 
15 kind of functional groups selected from an epoxy group, a carbojQrl 
group, a hydroxyl group, an amino group, an acid anhydride group and 
an oxazoline group. 

A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein the functional group (X) is an acid 
20 anhydride group and /or a carboxyl group, and the functional group (Y) 
is an epoxy group. 

A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein a boiling point of the compound (B) is 
200*^0 or more. 

25 A preferable embodiment relates to the thermoplastic 

elastomer composition, wherein the compound (B) is a polymer having 
the weight average molecular weight of 50,000 or less. 
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A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein the acrylic block copolymer (A) 
comprises 10 to 60 % by weight of the methacrylic polymer block (a) in 
which a methacrylic polymer is the main component and 90 to 40 % by 
5 weight of the acrylic polymer block (b) in which the acrylic polymer is 
the main component. 

A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein the acrylic polymer block (b) comprises 
50 to 100 % by weight of at least one monomer selected from the group 
10 consisting of n-butyl acrylate, ethyl acrylate and 2-methoxyethyl 
acrylate and 50 to 0 % by weight of other acrylate and/ or other vinyl 
monomer copolymerizable with these monomers. 

A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein the number average molecular weight 
15 of the acrylic block copolymer (A) measured by gel permeation 
chromatography is 30,000 to 200,000. 

A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein a ratio (Mw/Mn) of the weight average 
molecular weight to the number average molecular weight measured by 
20 gel permeation chromatography of the acrylic block copolymer (A) is 
1.8 or less. 

A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein the acrylic block copolymer (A) is a 
block copolymer produced by atom transfer radical polymerization. 
25 A preferable embodiment relates to the thermoplastic 

elastomer composition, wherein a glass transition temperature of the 
methacrylic polymer block (a) is 25 to 130**C. 
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A preferable embodiment relates to the thermoplastic 
elastomer composition, wherein 5 to 200 parts by weight of a filler is 
further added based on 100 parts by weight of the acrylic block 
copolymer (A). 

5 A preferable embodiment relates to the thermoplastic 

elastomer composition, wherein 0. 1 to 20 parts by weight of a lubricant 
is further added based on 100 parts by weight of the acrylic block 
copolymer (A). 

Also, the present invention relates to the thermoplastic 
10 elastomer composition for powder slash molding, containing the 
above-mentioned composition. 

The present invention relates to a molded article, which is 
obtained by powder slash molding the above-mentioned composition. 

The present invention relates to a superficial skin for an 
15 automobile interior, which is obtained by powder slash molding the 
above-mentioned composition. 

EFFECT OF THE INVENTION 
An acrylic block copolymer composition excellent in 
20 moldability and heat resistance in addition to maintain weather 
resistance, chemical resistance, adhesivity, flexibility and abrasion 
resistance, which are the characteristics of an acrylic block copolymer, 
can be obtained by using the present invention. Further, the 
composition of the present invention can be preferably used for powder 
25 slash molding. 



BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is further explained in detail in the 

following. 

The present invention is characterized in comprising a 
5 thermoplastic elastomer composition comprising an acrylic block 
copolymer (A) which comprises a methacrylic polymer block (a) and an 
acrylic polymer block (b), wherein at least one of polymer blocks among 
the methacrylic polymer block (a) and the acrylic polymer block (b) has 
a functional group (X), and a compound (B) containing at least 1.1 or 

10 more of functional groups (Y) in one molecule. The functional group 
(Y) is a functional group having reactivity with the functional group (X) 
and usually reacted at molding, whereby the acrylic block copolymer 
(A) is converted to having a high molecular weight or crosslinked. 
< Acrylic block copolymer (A)> 

15 The structure of the acrylic block copolym^er (A) of the 

present invention is a lineair block copolymer or a branched (star 
shape) block copolymer and a mixture thereof. The structure of the 
block copolymer may be used depending on the physical properties of 
the acrylic block copolymer (A) required, but the linear block copolymer 

20 is preferable from the viewpoints of cost and easiness of 
polymerization . 

The linear block copolymer may be any structure. When 
the methacrylic polymer block (a) is represented as "a** and the acrylic 
polymer block (b) is represented as "b", it is preferable that at least one 

25 acrylic block copolymer selected from the group consisting of (a-b)n 
type, b-(a-b)n type and (a-b)n-a type (n is an integer of at least 1, for 
example, an integer of 1 to 3), from the viewpoint of the physical 
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properties of the linear block copolymer or the physical properties of 
the composition. It is not particularly limited, but among those, an 
a-b type diblock copolymer, an a-b-a type triblock copolymer, or a 
mixture thereof is preferable from the viewpoints of easiness of 
5 handling at processing and the physical properties of the composition. 

It is characterized in that at least one of the functional 
group pC) is introduced in at least one polymer block of the methacrylic 
polymer block (a) and the acrylic polymer block (b). When its number 
is at least 2, the mode in which the monomer is polymerized may be 

10 random copolymerization or block copolymerization. When the a-b-a 
type triblock copolymer is represented as an example, any of a 
(a/z)-b-a type, a (a/z)-b-(a/z) type, a z-a-b-a type, a z-a-b-a-z type, an 
a-(b/z)-a type, an a-b-z-a type, an a-z-b-z-a type, a (a/z)-(b/z)-(a/z) 
type, aind a z-a-z-b-z-a-z type may be satisfactory. Herein, z 

15 represents a monomer or a polymer block containing the reactive 
functional group (X), (a/z) represents that a monomer containing the 
functional group (X) is copolymerized in the methacrylic polymer block 
(a) and (b/z) represents that a monomer containing the functional 
group (X) is copolymerized in the acrylic polymer block (b). 

20 Further, a site containing z and a mode of containing z in 

the methacrylic polymer block (a) or the acrylic polymer block (b) may 
be freely set, and can be used in accordance with a purpose. 

The number average molecular weight of the acrylic block 
copolymer (A) is not particularly limited, and may be determined from 

25 molecular weight respectively necessary for the methacrylic polymer 
block (a) and the acrylic polymer block (b). When the molecular 
weight is small, there may be a case where mechanical properties 
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enough as an elastomer cannot be expressed, and adversely when the 
molecular weight is large more than necessity, there may be a case 
where processing property is lowered. Since flowage under non 
pressurization is required in particular in case of the powder slash 
5 molding, when the molecular weight is large, melt viscosity is 
enhanced and moldability tends to be deteriorated. 

From the above-mentioned viewpoint, the number average 
molecular weight measured by gel permeation chromatography of the 
acrylic block copolymer (A) is preferably 30,000 to 200,000, more 
10 preferably 35,000 to 150,000, and further preferably 40,000 to 
100,000. 

The ratio (Mw/Mn) of the weight average molecular weight 
to the number average molecular weight measured by gel permeation 
chromatography of the acrylic block copolymer (A) is not particularly 

15 limited, but is preferably 1.8 or less and more preferably 1.5 or less. 
When Mw/Mri exceeds 1.8, there may be a case where uniformity of 
the acrylic block copolymer is deteriorated. 

The composition ratio of the methacrylic polymer block (a) 
to the acrylic polymer block (b) which form the acrylic block copolymer 

20 (A) is 5 to 90 % by weight of the block (a) and 95 to 10 % by weight of 
the block (b). The range of the composition ratio is preferably 10 to 
60 % by weight of (a) and 90 to 40 % by weight of (b), and further 
preferably 15 to 50 % by weight of (a) and 85 to 50 % by weight of (b) 
from the viewpoints of retention of a shape at molding and elasticity as 

25 an elastomer. When the proportion of (a) is less than 5 % by weight, 
the shape tends to be hardly retained at molding and when the 
proportion of (b) less than 10 % by weight, elasticity as an elastomer 
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and melting property at molding tend to be lowered. 

Since when the proportion of (a) is small, hardness tends 
to be low and when the proportion of (b) is small, hardness tends to be 
high, from the viewpoint of hardness of the elastomer composition, the 
5 proportion can be set according to the hardness of the required 
elastomer composition. Further, since when the proportion of (a) is 
small, viscosity tends to be low, and when the proportion of (b) is small, 
viscosity tends to be high, from the viewpoint of the processing, the 
proportion can be set according to the required processing property. 

10 The relation of glass transition temperatures between the 

methacrylic polymer block (a) and the acrylic polymer block (b) which 
form the acrylic block copolymer (A) preferably satisfies the relation of 
the following formula, referring to the glass transition temperature of 
the methacrylic polymer block (a) as Tga and referring to the glass 

15 transition temperature of the acrylic polymer block (b) as Tgb. 

Tga > Tgb 

The setting of the glass transition temperature (Tg) of the 
20 above-mentioned polymer (the methacrylic polymer block (a) and 
acrylic polymer block (b)) can be carried out by setting the weight ratio 
of a monomer at respective polsnner portions according to the following 
Fox formula. 

25 1/Tg = (Wi/Tgi) + (W2/Tg2) + — - + (Wm/Tgm) 

Wi + W2 + — - + Wm = 1 



r 

» • 

- 11 - 

Wherein Tg represents the glass transition temperature of 
a polymer portion and Tgi, Tg2, — , Tgm represent the glass transition 
temperatures of respective polymerization monomers. Further, Wi, W2, 

, Wm represent weight ratios of respective polymerization 

5 monomers. 

As the glass transition temperatures of respective 
polymerization monomers in the above-mentioned Fox formula, for 
example, values described in Polymer Handbook Third Edition (Wiley - 
Interscience, 1989) may be used. 

10 Further, the glass transition temperature can be measured 

by DSC (Differential Scanning Caloriemeter) or the tan 6 peak of 
dynamic viscoelasticity, but when polarity between the methacrylic 
polymer block (a) and the acrylic polymer block (b) is too near and the 
chain number of block monomers is too little, there may be a case 

15 where those measurement values are deviated from the calculation 
formula by the above-mentioned Fox formula. 
< Reactive functional group (X)> 

In the present invention, the functional group (X) is not 
particularly limited, it is enough to act as a reaction point with the 

20 compound (B), preferably acts as a reaction point for converting the 
acrylic copolymer (A) to having a high molecular weight or a 
crosslinking point for crosslinking the acrylic block copolymer (A), and 
is preferably at least one kind of functional groups selected from an 
acid anhydride group, a carboxyl group, a hydroxyl group and an 

25 epoxy group from the viewpoints of the stability of a bond prepared by 
the reaction, the easiness of the reaction, the easiness of introduction 
to the acrylic block copol3nTier (A), and cost thereof. Among them, at 
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least one kind of functional groups selected from an acid anhydride 
group and a carboxyl group is more preferable from the viewpoints of 
the easiness of introduction to the acrylic block copolymer (A) and the 
cost thereof. 

These functional groups (X) are introduced into the acrylic 
block copolymer (A) by a form protecting the functional group with an 
appropriate protecting group or the form of the precursors of the 
functional group (X) and then, the functional group (X) can be also 
prepared by known chemical reactions. 

These functional groups (X) can be used in a combination 
of two or more kinds thereof, and when two or more kinds are used in 
combination, it is preferable to select functional groups which are not 
mutually reacted. 

The functional group (X) may be contained in either of the 
methacrylic polymer block (a) or the acrylic polymer block (b), may be 
contained in both blocks, and can be used so that the introduction 
condition of the functional group (X) is preferable in accordance with 
purposes such as the reaction point of the acrylic block copolymer (A), 
the cohesive force and glass transition temperature of the block (the 
methacrylic polymer block (a) and the acrylic polymer block (b)) 
composing the acrylic block copolymer (A) and further the required 
physical property of the acrylic block copolymer (A). 

For example, when the methacrylic polymer block (a) and 
the acrylic polymer block (b) are wanted to be selectively reacted with 
the functional group (X) as reaction points using the compound (B) 
containing the functional group (Y) which has reactivity with the 
functional group (X), the functional group (X) may be introduced in 
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blocks to be reacted. 

Further, the functional group (X) may be introduced in the 
methacrylic polymer block (a) from the viewpoints of the improvement 
of heat resistance and thermal decomposition resistance of the acrylic 
5 block copolyrner (A), and the functional group (X) may be introduced 
into the acrylic polymer block (b) as reaction points from the 
viewpoints of imparting oil resistance, further rubber elasticity and 
compression set durability to the acrylic block copolymer (A). Not 
particularly limited, it is preferable that either of the block of the 
10 methacrylic polymer block (a) or the acrylic polymer block (b) has the 
functional group pC) from the viewpoints of the control of reaction 
points, heat resistance, rubber elasticity, mechanical strength, and 
flexibility. 

The content number of the functional group (X) is varied 
15 depending on the cohesive force and reactivity of the functional group 
(X), the structure and composition of the acrylic block copolymer (A), 
the number of blocks composing the acrylic block copolymer (A), the 
glass transition temperature, and the site at which the functional 
group (X) is contained and the mode thereof. Consequently, it may be 
20 set according to necessity, and preferably at least 1.0 per one molecule 
of the acrylic block copolymer (A), and more preferably 2.0 and more. 
When the number is less than 1.0, the improvement of heat resistance 
by converting to having a high moleculeir weight by a bimolecular 
reaction of the acrylic block copolymer (A) or crosslinking tend to be 
25 insufficient. 

When the functional group (X) is introduced into the 
methacrylic polymer block (a), it is preferable to be introduced within a 
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range in which the moldability of the acrylic block copolymer (A) is not 
lowered. Since flowage under no pressurization is required 
particularly in case of the powder slash molding, the cohesive force and 
the glass transition temperature Tg of the methacrylic polymer block 
5 (a) are increased by the introduction of the functional group (X); 
therefore, melt viscosity is increased and moldability tends to be 
deteriorated. Specifically, it is preferable to be introduced within a 
range in which the glass transition temperature Tg of the methacrylic 
polymer block (a) after introduction of the functional group (X) is 

10 preferably at most ISCC, more preferably at most 110°C, and further 
preferably at most lOO^^C. 

When the functional group (X) is introduced into the 
acrylic polymer block (b), it is preferably introduced within a range not 
deteriorating the flexibility, rubber elasticity and low temperature 

15 property of the acrylic block copolymer (A). When the cohesive force 
and the glass transition temperature Tg of the acrylic polymer block (b) 
are increased by introducing the functional group (X), the flexibility, 
rubber elasticity and low temperature property tend to be deteriorated. 
Specifically, it is preferable to be introduced within a range in which 

20 the glass transition temperature of the acrylic polymer block (b) after 
the introduction of the functional group (X) is preferably at most 25*^0, 
more preferably at most CC, and further preferably at most -20°C. 

An acid anhydride group, a carboxyl group, a hydroxyl 
group and an epoxy group, which are preferable as the functional 

25 group (X), are explained in the following. 
<Acid anhydride group> 

Since the acid anhydride group is easily reacted with a 
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hydroxyl group and an amino group, it can be easily reacted with a 
compound having those polar groups. Further, when a compound 
having an active proton is contained in the composition, the acid 
anhydride group is easily reacted with an epoxy group. 



may be introduced into the main chain of the acrylic block copolymer 
(A) and may be introduced into side chains. The acid anhydride group 
is the acid anhydride group of a carboxyl group, and it is preferably 
introduced into the main chain from the viewpoint of easiness of 
introduction into the acrylic block copolymer (A). Specifically, it is 
represented by the general formula (1). It is more preferable to be 
contained in a form represented by the general formula (1): 



(wherein is hydrogen or a methyl group and may be mutually the 
same or different, n is an integer of 0 to 3 and m is an integer of 0 or 
1). n in the general formula (1) is an integer of 0 to 3, preferably 0 or 
1 and more preferably 1. When n is 4 or more, poljnnerization 
becomes complicated or cyclization of the acid anhydride group tends 
to be difficult. 

With respect to the introduction method of the acid 
anhydride group, when a monomer having the acid anhydride group 



The acid anhydride group is not particularly limited, but it 
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does not poison a catalyst under polymerization condition, it is 
preferable to be directly introduced by polymerization, and when a 
monomer having the acid anhydride group deactivates the catalyst at 
polymerization, a method of introducing the acid anhydride group by 
converting the functional group is preferable. It is not particularly 
limited, but it is preferable that to be introduced into the acrylic block 
copoljnner in a form which is the precursor of the acid anhydride group, 
and thereafter cyclized from the viewpoint of easiness of the 
introduction. It is more preferable to melt-kneading the acrylic block 
copolymer which has at least one unit represented by the general 
formula (2) to be introduced by cyclization; 




(wherein R2 represents hydrogen or a methyl group. R3 represents 
hydrogen, a methyl group or a phenyl group, at least 2 among 3 of R^'s 
are selected from a methyl group and/ or a phenyl group and 3 of R^'s 
may be mutually the same or different). 

The introduction of the unit represented by the general 
formula (2) to the acrylic block copolymer can be carried out by 
copolymerizing an acrylic acid ester or a methacrylic acid ester 
monomer derived from the general formula (2). Examples of the 
monomer are t-butyl (meth)acrylate, isopropyl {meth)acrylate, 
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a,a-diniethylben2yl (meth)acrylate, a-methylbenzyl {meth)acrylate, but 
is not limited thereto. Among those, t-butyl (meth)acrylate is 
preferable from the viewpoints such as availability, easiness of 
polymerizability, and easiness of generating the acid anhydride group. 

For the formation of the acid anhydride group, the acrylic 
block copolymer having the precursor of the acid anhydride group is 
preferably heated under high temperature and preferably heated at 
180 to 300**C. When the temperature is lower than 180**C, generation 
of the acid anhydride group tends to be insufficient, and when it is 
higher thain 300°C, the acrylic block copolymer in itself having a 
precursor of the acid anhydride group tends to be decomposed. 
<Carbo>qrl group> 

Since the carboxyl group is easily reacted with an epoxy 
group and an amino group, it is easily reacted with a compound having 
those polar groups. The carboxyl group is not particularly limited, but 
it may be introduced in the main chain of the acrylic block copolymer 
(A) or may be introduced in a side chain. The carboxyl group is 
preferably introduced in the main chain from the viewpoint of easiness 
of the introduction into the acrylic block copolymer (A). 

Conceming the introduction method of carboxyl group, 
when a monomer having a carboxyl group does not poison a catalyst 
imder polymerization conditions, the carbojqrl group is preferably 
introduced directly by polymerization, and when a monomer having a 
carboxyl group deactivates the catalyst at polymerization, a method of 
introducing the carboxyl group by converting a fvmctional group is 
preferable. 

In the method of introducing the carboxyl group by 
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converting a functional group, the carboxyl group is introduced into 
the acrylic block copolymer in the form of protecting the carboxyl group 
with an appropriate protecting group or in the form of a functional 
group being the precursor of the carboxyl group, and then the 
functional group can be prepared by known chemicad reactions. The 
carboxyl group can be introduced by the method. 

As the synthesis method of the acrylic block copolymer (A) 
having a carboxyl group, for example, there are a method by which an 
acrylic block copolymer containing a monomer having a functional 
group such as t-butyl methacrylate, t-butyl acrylate, trimethylsilyl 
methacrylate or trimethylsilyl acrylate, which is the precursor of the 
carboxyl group, is synthesized, and the carboxyl group is formed by 
known chemical reactions such as hydrolysis or acid decomposition 
(JP-A- 10-298248 and JP-A-200 1-234 146), and a method which a 
acrylic block copolymer having at least one unit represented by the 
general formula (2) is melt-kneaded and a carboxyl group is 
introduced; 
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(wherein R2 represents hydrogen or a methyl group. represents 
hydrogen, a methyl group or a phenyl group, at least 2 among 3 of R^'s 
are selected from a methyl group and/ or a phenyl group, ajid 3 of R^'s 
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may be mutually the same or different). The unit represented by the 
general formula (2) has a route in which a carboxyl group is generated 
by decomposing the ester unit under a high temperature, and 
successively, cyclization occurs to generate the acid anhydride group. 
5 By utilizing this, the carboxyl group can be introduced by appropriately 
adjusting heating temperature and time in accordance with the kind 
and content of the unit represented by the general formula (2). 

Further, the carboxyl group can be also introduced by 
hydrolysis of the acid euihydride group. 
10 <Hydroxyl group> 

Since a hydroxyl group is easily reacted with an epoxy 
group, an acid anhydride group and a carboxyl group, it is easily 
reacted with a compound having those polar groups. The hydroxyl 
group is not particularly limited, but an alcoholic hydroxyl group is 
15 preferable from the viewpoints of the easiness of introduction into the 
acrylic block copolymer (A), and reactivity. 

The hydroxyl group is not particularly limited, but it may 
be introduced in the main chain of the acrylic block copolymer (A) or 
may be introduced in the side chain, 
20 The preferable introduction method of the hydroxyl group 

is the introduction by directly polymerizing a monomer having a 
hydroxyl group. Specific examples of the monomer are 2-hydroxyethyl 
(meth)acrylate, 2-hydroxypropyl (meth)aciylate, 4-hydroxybutyl 
(me th) aery late, and the ethylene oxide adduct of (meth)acrylic acid. 
25 < Epoxy group> 

Since an epoxy group is easily reacted with a carboxyl 
group, a hydrojQTl group sind an amino group, it is easily reacted with a 
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compound having those polair groups. The epoxy group is not 
particularly limited as long as it is an organic group containing an 
epo^qr ring, specific examples of the epo5cy groups su-e an aliphatic 
hydrocarbon (for example, alkyl) group having an epoxy ring such as a 
5 1,2-epoxyethyl group, a 2,3-epoxypropyl group (namely, glycidyl group) 
and a 2,3-epo3q^-2-methylpropyl group; and an alicyclic hydrocarbon 
group having an epoxy ring such as a 3,4-epoxycyclohexyl group. 
These may be selected according to necessity from the viewpoints of 
reactivity, reaction speed, and the easiness of availability, and cost. 

10 The epoxy group is not particularly limited, but among those, a glycidyl 
group is preferable from the viewpoint of easiness of availability. 

With respect to the introduction method of an epoxy group, 
it is preferable to directly introduce a monomer having an epoxy group 
by polymerization. Examples of the monomer having an epoxy group 

15 are the esters of (meth)acrylic acid with an alcohol containing an 
organic group having an epoxy ring such as glycidyl (meth)aciylate, 
2 ,3-epoxy-2-methylpropyl (meth)acrylate and 

(3,4-epoxycyclohexyl)methyl (meth)aciylate; and unsaturated 
compounds containing an epoxy group such as 

20 4-vinyl-l-cyclohexene-l,2-epoxide. These may be selected according 
to necessity from the viewpoints of reactivity, reaction speed, the 
easiness of availability, and cost. It is not particularly limited, but 
among those, glycidyl (meth)acrylate is preferable from the viewpoint of 
the easiness of availability. 

25 <Methacrylic polymer block (a)> 

The methacrylic polymer block (a) is a block obtained by 
polymerizing a monomer comprising a methacrylic acid ester as the 
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main component, and preferably comprises 50 to 100 % by weight of 
the methacrylic acid ester and 0 to 50 % by weight of a vinyl monomer 
copolymerizable with this. Further, a monomer having the reactive 
functional group (X) may be contained as the methacrylic acid ester. 
5 When the proportion of the methacrylic acid ester is less than 50 % by 
weight, there is a case where weather resistance which are a 
characteristic of the methacrylic acid ester is deteriorated. 

Examples of the methacrylic acid ester composing the 
methacrylic polymer block (a) are methacrylic acid aliphatic 

10 hydrocarbon (for example, alkyl having 1 to 18 carbons) esters such as 
methyl methaciylate, ethyl methacrylate, n-propyl methacrylate, 
n-butyl methacrylate, isobutyl methacrylate, n-pentyl methacrylate, 
n-hexyl methacrylate, n-heptyl methacrylate, n-octyl methacrylate, 
2-ethylhexyl methacrylate, nonyl methacrylate, decyl methacrylate, 

15 dodecyl methacrylate and stearyl methacrylate; methacrylic acid 
alicyclic hydrocarbon esters such as cyclohexyl methacrylate and 
isobomyl methacrylate; methacrylic acid arall^l esters such as benzyl 
methacrylate; methacrylic acid aromatic hydrocarbon esters such as 
phenyl methacrylate and tolyl methacrylate; esters of methacrylic acid 

20 with alcohol containing a functional group having ethereal oxygen such 
as 2-methoxyethyl methacrylate and 3-methoxybutyl methacrylate; 
methacrylic acid fluorinated alkyl esters such as trifluoromethyl 
methacrylate, trifluoromethylmethyl methacrylate , 

2-trifluoromethylethyl methacrylate, 2-trifluoroethyl methacrylate, 

25 2-perfluoroethylethyl methacrylate, 
2-perfluoroethyl-2-perfluorobutylethyl methacrylate, 2-perfluoroethyl 
methacrylate, perfluoromethyl methacrylate, diperfluoromethylmethyl 
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methacrylate, 2-perfluoromethyl-2-perfluoroethylmethyl methacrylate, 
2-perfluorohexylethyl methacrylate, 2-perfluorodecylethyl methacrylate 
and 2-perfluorohexadecylethyl methacrylate. At least one of these is 
used. Among those, methyl methacrylate is preferable from the 
viewpoints of processability, cost, and availability. 

Examples of the vinyl monomer copolymerizable with a 
methaciylic acid ester composing the methacrylic polymer block (a) are 
an acrylic acid ester, an aromatic alkenyl compound, a vinyl cyanide 
compound, a conjugated diene compound, a halogen-containing 
unsaturated compound, an unsaturated carboxylic acid compound, an 
unsaturated dicarboxylic acid compound, a vinyl ester compound, and 
a maleimide compound. 

Examples of the acrylic acid ester are acrylic acid aliphatic 
hydroc£a"bon (for example, alkyl having 1 to 18 carbons) esters such as 
methyl acrylate, ethyl aciylate, n-propyl acrylate, n-butyl acrylate, 
isobutyl acrylate, n-pentyl acrylate, n-hexyl acrylate, n-heptyl acrylate, 
n-octyl acrylate, 2-ethylhexyl acrylate, nonyl acrylate, decyl aciylate, 
dodecyl aciylate and steaiyl acrylate; acrylic acid alicyclic hydrocarbon 
esters such as cyclohexyl aciylate and isobomyl acrylate; acrylic acid 
aromatic hydrocarbon esters such as phenyl acrylate and tolyl 
acrylate; acrylic acid aralkyl esters such as benzyl acrylate; esters of 
acrylic acid with alcohol containing a functional group having ethereal 
oxygen such as 2-methoxyethyl acrylate and 3-methoxybutyl acrylate; 
acrylic acid fluorinated alkyl esters such as trifluoromethylmethyl 
acrylate, 2-trifluoromethylethyl acrylate, 2-perfluoroethylethyl acrylate, 
2 -perfluoroethyl-2 -perfluorobutylethyl acrylate, 2-perfluoroethyl 
acrylate, perfluoromethyl acrylate, diperfluoromethylmethyl acrylate. 
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2-perfluoromethyl-2-perfluoroethylmethyl acrylate, 
2-perfluorohexylethyl acrylate, 2-perfluorodecylethyl acrylate and 
2-perfluorohexadecylethyl acrylate. 

Examples of the aromatic alkenyl compovmd are styrene, 
a-methylstyrene, p-methylstyrene, and p-methoxy styrene. 

Examples of the vinyl cyanide compound includes 
acrylonitrile, and methaciylonitrile. 

Examples of the conjugated diene compound are butadiene 
and isoprene. 

Examples of the halogen-containing unsaturated 
compound are vinyl chloride, vinylidene chloride, perfluoroethylene, 
perfluoropropylene, and vinylidene fluoride. 

Examples of the unsaturated carboxylic acid compound 
are methaciylic acid and acrylic acid. 

Examples of the unsaturated dicarboxylic acid compound 
are maleic anhydride, maleic acid, a monoalkyl ester and a dialkyl 
ester of maleic acid, fumaric acid, and a monoalkyl ester and a dialkyl 
ester of fumaric acid. 

Examples of the vinyl ester compound are vinyl acetate, 
vinyl propionate, vinyl pivalate, vinyl benzoate, and vinyl cinnamate. 

Examples of the maleimide compound are maleimide, 
methylmaleimide, ethylmaleimide, propylmaleimide, butylmaleimide, 
hej^lmaleimide, octylmaleimide, dodecylmaleimide, stearylmaleimide, 
phenylmaleimide, aind cyclohexylmaleimide. 

At least one of these is used. Among those vinyl 
monomers, a preferable monomer can be selected from the viewpoints 
such as adjustment of a glass transition temperature required for the 
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methacrylic polymer block (a), and compatibility with the acrylic 
polymer block (b). 

The glass transition temperature of the methacrylic 
polymer block (a) is preferably 25 to 130^C, more preferably 40 to 
5 llO'^C, and further preferably 50 to 100°C from the viewpoints of 
thermal deformation and moldability of the elastomer composition. 

From the above-mentioned viewpoints, the methacrylic 
polymer block (a) is preferably a block obtained by polymerizing methyl 
methacrylate as the main component, a monomer having the reactive 
10 functional group (X) and at least one monomer selected from the group 
consisting of ethyl acrylate, n-butyl acrylate, and 2-methoxyethyl 
acrylate for controlling a glass transition temperature. 

Tga of the methacrylic polymer block (a) can be set by 
setting a weight ratio of monomers in a polymer portion according to 
15 the above-mentioned Fox formula. 
< Acrylic polymer block (b)> 

The acrylic polymer block (b) is a block obtained by 
polymerizing a monomer which comprises an acrylic acid ester as the 
main component, and preferably comprises 50 to 100 % by weight of 
20 an acrylic acid ester and 0 to 50 % by weight of a vinyl monomer 
copolymerizable with this. Further, a monomer having the reactive 
functional group (X) may be contained as an aciylic acid ester. When 
the proportion of the acrylic acid ester is less thsm 50 % by weight, 
there may be a case where the physical property of the composition, in 
25 pgirticular, flexibility and oil resistance, which are the characteristics of 
using the acrylic acid ester, is deteriorated. 

Examples of an acrylic acid ester composing the acrylic 
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polymer block (b) are monomers similgu" to the acrylic acid ester, which 
is exemplified as a monomer composing the methacrylic polymer block 
(a). 

These can be used alone or in combination of two or more 
kinds thereof. Among those, n-butyl acrylate is preferable from the 
viewpoint of the balance of rubber elasticity, property at low 
temperature and cost. When oil resistance and mechanical property 
are required, ethyl acrylate is preferable. Further, when imparting low 
temperature property and oil resistance and improvement of surface 
tackiness of a resin are required, 2-methoxyethyl acrylate is preferable. 
Further, when the balance of oil resistance and the low temperature 
property is required, a combination of ethyl acrylate, n-butyl acrylate, 
and 2-metho5qrethyl aciylate is preferable. 

Example of the vinyl monomer copolymerizable with an 
acrylic acid ester composing the acrylic polymer block (b) are a 
methacrylic acid ester, an aromatic alkenyl compound, a vinyl cyanide 
compound, a conjugated diene compound, a halogen-containing 
imsaturated compound, a silicon-containing unsaturated compound, 
an unsaturated carboxylic acid compound, an unsaturated 
dicarboxylic acid compound, a vinyl ester compound, and a maleimide 
compound. Specific examples thereof are those same as the 
above-mentioned compounds used for the methacrylic polymer block 
(a). 

At least one of these is used. Among those vinyl 
monomers, a preferable monomer can be selected from the viewpoint of 
the balance of glass transition temperature and oil resistance required 
for the acrylic poljnner block (b), and compatibility with the methacrylic 
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polymer block (a). For example, aciylonitrile can be copolymerized for 
t±ie purpose of improving oil resistance of tJie composition. 

The glass trsinsition temperature of the acrylic polymer 
block (b) is preferably at most 25°C, more preferably at most 0**C, and 
5 further preferably at most -20°C from the viewpoint of rubber elasticity 
of the elastomer composition. When the glass transition temperature 
of the acrylic polymer block (b) is higher than the temperature of 
environment in which the elastomer composition is used, it is not 
advantageous because rubber elasticity is hardly expressed. 

10 From the above-mentioned viewpoints, the acrylic polymer 

block (b) is preferably a block obtained by polymerizing a monomer 
having the reactive functional group (X) and a monomer comprising at 
least one monomer selected from the group consisting of n-butyl 
aciylate, ethyl acrylate and 2-methoxyethyl acrylate as the main 

15 component. 

Tgb of the acrylic polymer block (b) can be set by setting 
the weight ratio of each of monomers in a polymer according to the 
above-mentioned Fox formula. 

<Preparation process of acrylic block copolymer (A)> 

20 The process for preparing the acrylic block copolymer (A) is 

not particularly limited, but controlled polymerization using an 
initiator for a polymer is preferably used. Examples of the controlled 
polymerization are living anion polymerization, radical polymerization 
using a chain transfer agent and living radical polymerization which 

25 has been recentiy developed. Among those, the living radical 
polymerization is preferable from the viewpoint of controlling a 
molecular weight and a structure of the acrylic block copolymer. 
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The living radical polyTnerization is radical pol3anerization 
in which activity of the terminal of polymerization is maintained 
without losing. The living polymerization indicates polymerization in 
• which the terminal always continues to have activity in the narrow 
5 sense, but in general, pseudoliving polymerization in which the 
terminal deactivated and the terminal activated are in equilibrium 
state is also included. The definition herein is also applied to the 
latter. Recently, the living radical polymerization has been actively 
studied by various groups. 

10 Example of the living radical polymerization are those 

using a chain transfer agent such as polysulfide, those using a cobalt 
porphyrin complex (J. Am. Chem. Soc, 1994, Vol.116, page 7943), 
those using a radical capturing agent such as a nitroxide compound 
(Macromolecules, 1994, Vol.27, page 7228), and Atom Transfer Radical 

15 Polymerization (ATRP) using a transition metal complex as a catalyst 
and organic halogenated compound as an initiator. In the present 
invention, there is no limitation for which method is used, but the 
Atom Transfer Radical Polymerization is preferable from the viewpoint 
of easiness of control. 

20 The Atom Transfer Radical Polymerization is carried out by 

using an organic halogenated compound or a halogenated sulfonyl 
compound as an initiator and a metal complex in which Group VII, 
Group VIII, Group IX, Group X or Group XI element of the Periodic 
Table is used as a central metal, as a catalyst (for example, refer to 

25 Matyjaszewski et. al., J. Am. Chem. Soc, 1995, Vol.117, page 5614, 
Macromolecules, 1995, Vol.28, page 7901, Science, 1996, Vol.272, 
page 866 or Sawamoto et. al., Macromolecules, 1995, Vol.28, page 
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1721). 

According to the method, in general, even though it is 
radical polymerization in which polymerization speed is very high and 
a termination reaction such as the coupling of mutual radicals easily 
5 occurs, but the polymerization livingly proceeds, a polymer with 
narrow molecular weight distribution (Mw/Mn = 1.1 to 1.5) is obtained 
and a molecular weight can be freely controlled by changing the ratio 
of a monomer and an initiator. 

In the Atom Transfer Radical Polymerization, as the 

10 organic halogenated compound or halogenated sulfonyl compound as 
an initiator, monofunctional, bifunctional or multifunctional 
compounds can be used. These may be used in accordance with its 
purpose, but when a diblock copolymer is produced, a monofunctional 
compound is preferable from the viewpoint of easy availability of an 

15 initiator. When a triblock copolymer of a-b-a type and a triblock 
copolymer of b-a-b type are produced, a bifunctional compound is 
preferably used from the viewpoint of reducing the number of reaction 
steps and time. When a bramched block copolymer is produced, a 
multifunctional compound is preferably used from the viewpoint of 

20 reducing the number of reaction steps and time. 

Further, a macroinitiator can be also used as the 
above-mentioned initiator. The macroinitiator is a compound 
comprising a polymer in which a halogen atom is bonded at the 
terminal of a molecule, among the organic halogenated compound or 

25 the halogenated sulfonyl compound. Since such macroinitiator can be 
also produced by the controlled polymerization method other than the 
living radical polymerization process, there is a characteristic that a 
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block copolymer bonded with a polymer obtained by a different 
polymerization process is obtained. 

Examples of the monofunctional compound are 
compounds represented by 
5 C6H5-CH2X, 

C6H5-C(H)(X)-CH3, 

C6H5-C(X)(CH3)2, 

R4-C(H)(X)-COOR5, 
R^-C(CH3)(X)-COOR5, 
10 R4-C(H)(X)-CO-R5, 

R^-C(CH3)(X)-CO-R5, and 
R4-C6H4-SO2X. 

Wherein, CeHs represents a phenyl group and C6H4 
represents a phenylene group (it may be either of ortho substitution, 

15 meta substitution and para substitution). R"* represents a hydrogen 
atom, an alkyl group having 1 to 20 carbons, an aryl group having 6 to 
20 carbons or an aralkyl group having 7 to 20 carbons. X represents 
chlorine, bromine or iodine. Rs represents a monovalent organic 
group having 1 to 20 carbons. 

20 As R"^, the specific example of an alkyl group (including a 

alicyclic hydrocarbon group) having 1 to 20 carbons includes a methyl 
group, an ethyl group, a propyl group, an isopropyl group, a n-butyl 
group, an isobutyl group, a tert-butyl group, a n-pentyl group, a 
n-hexyl group, a cyclohexyl group, a n-heptyl group, a n-octyl group, a 

25 2-ethylhexyl group, a nonyl group, a decyl group, a dodecyl group, and 
an isobomyl group. The specific example of an aryl group having 6 to 
20 carbons includes a phenyl group, a tolyl group, and a naphthyl 
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group. Specific examples of an aralkyl group having 7 to 20 carbons 
are a benzyl group and a phenethyl group. 

Specific examples of a monovalent organic group having 1 
to 20 carbons being are groups similar as R*. 

Specific examples of the mono functional compound are 
tosyl bromide, methyl 2-bromopropionate, ethyl 2-bromopropionate, 
butyl 2-bromopropionate, methyl 2-bromoisobutyrate, ethyl 
2-bromoisobutyrate, and butyl 2-bromoisobutyrate. Among those, 
ethyl 2-bromopropionate and butyl 2-bromopropionate are preferable 
from the viewpoint of easiness of controlling pol5rmerization because 
they are similar as the structure of an acrylic acid ester monomer. 

Examples of the bifvmctional compound are compounds 
represented by 
X-CH2-C6H4-CH2-X, 
X-CH(CH3)-C6H4-CH(CH3)-X, 

X-C(CH3)2-C6H4-C(CH3)2-X, 

X-CH(COOR6)-(CH2)n-CH(COOR6)-X, 

X-C{CH3)(COOR6)-(CH2)n-C(CH3)(COOR6)-X, 

X-CH(COR6)-(CH2)n-CH(COR6)-X, 

X-C(CH3) (COR6)- (CH2)n-C{CH3) (COR6)-X, 

X-CH2-CO-CH2-X, 

X-CH(CH3)-CO-CH(CH3)-X, 

X-C(CH3)2-CO-C{CH3)2-X, 

X-CH(C6H5)-CO-CH(C6H5)-X, 

X-CH2-COO-(CH2)n-OCO-CH2-X, 

X-CH(CH3)-COO-(CH2)n-OCO-CH(CH3)-X, 

X-C(CH3)2-COO-(CH2)n-OCO-C(CH3)2-X, 
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X-CH2-CO-CO-CH2-X, 

X-CH(CH3)-CO-CO-CH(CH3)-X, 

X-C(CH3)2-CO-CO-C(CH3)2-X, 

X-CH2-COO-C6H4-OCO-CH2-X, 

X-CH(CH3)-COO-C6H4-OCO-CH(CH3)-X, 

X-C(CH3)2-COO-C6H4-OCO-C(CH3)2-X, and 

X-SO2-C6H4-SO2-X. 

Wherein represents an alkyl group having 1 to 20 
carbons, an aryl group having 6 to 20 carbons or an aralkyl group 
having 7 to 20 carbons. The n represents an integer of 0 to 20. CeHs, 
C6H4 and X are similar as the above-description. 

Specific examples of an alkyl group having 1 to 20 carbons, 
an aryl group having 6 to 20 carbons and an aralkyl group having 7 to 
20 carbons of are the same as the specific examples of an allQ?^l 
group having 1 to 20 carbons, an aryl group having 6 to 20 carbons or 
an aralkyl group having 7 to 20 carbons of R"*. 

Specific example of the bifunctional compound are 
bis(bromomethyl) benzene, bis( 1 -bromoethyl) benzene, 

bis(l-bromoisopropyl)benzene, dimethyl 2,3-dibromosuccinate, diethyl 
2 , 3-dibromosuccinate , dibutyl 2 , 3 -dibromo succinate , dimethyl 

diethyl 2,4-dibromoglutarate, 



2,4-dibromoglutarate, 

2 .4- dibromoglutarate, dimethyl 

2 .5- dibromoadipate, dibutyl 

2.6- dibromopimelate, diethyl 
2 ,6-dibromopimelate, dimethyl 



2,5-dibromoadipate, 

2 . 5- dibromoadipate , 

2.6- dibromopimelate, 

2 .7- dibromosuberate. 



dibutyl 
diethyl 
dimethyl 
dibutyl 
diethyl 



2,7-dibromosuberate, and dibutyl 2,7-dibromosuberate. Among those, 
bis(bromomethyl)benzene, diethyl 2,5-dibromoadipate and diethyl 
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2,6-dibromopimelate are preferable from the viewpoint of the 
availability of raw materials. 

Examples of the multifunctional compound are compounds 
represented by 

5 C6H3-(CH2-X)3, 

C6H3-(CH(CH3)-X)3, 

C6H3-(C(CH3)2-X)3, 

C6H3-(OCO-CH2-X)3, 
C6H3-(OCO-CH(CH3)-X)3, 
10 C6H3-(OCO-C(CH3)2-X)3, and 

C6H3-(S02-X)3. 

Wherein C6H3 is a trivaient phenyl group (the position of 
three bonding hands may be a combination of either of 1 -position to 
6-position) and X is the same as the above description. 

15 Specific examples of the multifunctional compound are 

tris(bromomethyl)benzene and tris( 1 -bromoethyl) benzene, 

tris( 1 -bromoisopropyl) benzene. Among those, 

tris(bromomethyl) benzene is preferable from the viewpoint of the 
availability of raw materials. 

20 Further, when the organic halogenated compound or 

halogenated sulfonyl compound having a functional group other than a 
group initiating polymerization is used, a polymer in which a 
functional group other than a group initiating polymerization is 
introduced at a terminal or in a molecule can be easily obtained. The 

25 functional group other than a group initiating polymerization includes 
an alkenyl group, a hydroxyl group, an epoxy group, an amino group, 
an amide group, and a silyl group. 
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As the organic halogenated compound or halogenated 
sulfonyl compound which c£in be used as the initiator, carbon atom 
with which a halogen group (a halogen atom) is bonded with a carbonyl 
group or a phenyl group and carbon-halogen bond is activated to 
5 initiate polymerization. An amount of the initiator used may be 
determined from the molar ratio with a monomer in conformity with a 
molecular weight of the acrylic block copolymer required. Namely, the 
molecular weight of the acrylic block copolymer can be controlled by 
what molecule of a monomer is used per 1 molecule of the initiator. 

10 The transition metal complex used as the catalyst of the 

Atom Transfer Radical Polymerization is not particularly limited, but 
preferable examples are the complex of monovalent or zero-valent 
copper, the complex of bivalent ruthenium, the complex of bivadent 
iron and the complex of bivalent nickel. 

15 Among those, the complex of copper is preferable from the 

viewpoints of cost and reaction control. Examples of the monovalent 
copper are cuprous chloride, cuprous bromide, cuprous iodide, 
cuprous cyanide, cuprous oxide, and cuprous perchlorate. Among 
those, cuprous chloride and cuprous bromide are preferable from the 

20 viewpoint of the control of polymerization. When the monovalent 
copper compound is used, 2,2 -bipyridyl compounds such as 
2,2 -bipyridyl and its derivative (such as 4,4 -dinolyl-2,2*-bipyridyl and 
4,4'-di(5-nolyl)-2,2 -bip5aidyl); 1, lO-phensinthroline compounds such 
as 1,10-phenanthroline and its derivative (such as 

25 4, 7-dinolyl- 1,10-phenanthroline and 5,6-dinolyl- 1,10-phenanthroline); 
polyamines such as tetramethylethylenediamine (TMEDA), 
penteunethyldiethylenetriamine and hexamethyl(2-aminoethyl) amine 
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may be added as a ligand in order to enhance activation of catalyst. 

Further, the tristriphenylphosphin complex (RuCklPPhaja) 
of bivalent ruthenium chloride is also preferable as a catalyst. When 
the ruthenium compound is used as a catalyst, an aluminum 
5 alkoxides may be added as an activating agent. Further, the 
bistriphenylphosphin complex (FeCl2(PPh3)2) of bivalent iron, the 
bistriphenylphosphin complex (NiCl2(PPh3)2) of bivalent nickel and the 
bistributylphosphin complex (NiBr2(PPh3)2) of bivalent nickel are also 
preferable as a catalyst. 

10 The catalyst, ligand and activator used are not particularly 

limited, but they may be suitably determined by the relation between 
reaction speed and the initiator, monomer and solvent used. For 
example, since it is preferable for the polymerization of acrylic 
monomers such as an acrylic acid ester that the growth terminal of 

15 polymer chains has a carbon-bromine bond from the viewpoint of 
controlling a polymerization, it is preferable that the initiator used is 
the organic brominated compound or brominated sulfonyl compound 
and the solvent is acetonitrile, and it is more preferable that a ligand 
such as pentamethyldiethylenetriamine is used, and a metal complex 

20 catalyst in which cupric bromide, preferably copper contained in 
cuprous bromide is a central meted is used. Further, since it is 
preferable from the viewpoint of controlling polymerization that the 
growth terminal of polymer chains has a carbon-chloride bond for the 
pol3nnerization of methacrylic monomers such as a methacrylic acid 

25 ester, the initiator used is the orgamic chlorinated compound or 
chlorinated sulfonyl compound, and the solvent is acetonitrile or a mix 
solvent with toluene if necessary, and it is more preferable that a 
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ligand such as pentamethyldiethylenetriamine is used and a metal 
complex catalyst in which cupric chloride, preferably copper contained 
in cuprous chloride is a central metal is used. 

The amounts of the catalyst and ligand used may be 
determined from the relation between required reaction speed and the 
amounts of the initiator, monomer and solvent used. For example, 
when a polymer with a high molecular weight is obtauned, the ratio of 
the initiator to the monomer must be smaller than a case of obtadning 
a pol3aner with low moleculair weight, but in such a case, the reaction 
speed can be increased by increasing the catalyst and ligand. Further, 
when a polymer having a higher glass transition temperature than a 
room temperature is prepared, an appropriate organic solvent is added 
for enhancing stirring efficiency by lowering the viscosity of the system. 
Therefore, the reaction speed tends to be lowered, but in such a case, 
the reaction speed can be increased by increasing the catalyst and 
ligand. 

The Atom Transfer Radical Polymerization can be carried 
out in non-solvent (bulk polymerization) or in various solvents. 
Further, when polymerization is carried out by bulk polymerization or 
in various solvents, the polymerization can be also stopped on the way. 

As the solvent, for example, a hydrocarbon solvent, an 
ether solvent, a halogenated hydrocarbon solvent, a ketone solvent, an 
alcohol solvent, a nitrile solvent, an ester solvent, and a carbonate 
solvent can be used. 

The hydrocarbon solvent includes benzene and toluene. 
The ether solvent includes diethyl ether and tetrahydrofuran. The 
halogenated hydrocarbon solvent includes methylene chloride and 
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chloroform. The ketone solvent includes acetone, methyl ethyl ketone, 
and methyl isobutyl ketone. The alcohol solvent includes methanol, 
ethanol, propanol, isopropanol, and n-butanol and tert-butanol. The 
nitrile solvent includes acetonitrile, propionitrile, and benzonitrile. 
5 The ester solvent includes ethyl acetate and butyl acetate. The 
carbonate solvent includes ethylene carbonate and propylene 
carbonate. 

One or more of the solvents mentioned above may be used. 
When the solvent is used, the amount used may be 
10 suitably determined from the relation between the viscosity of the 
whole system and stirring efficiency required. Further, when 
polymerization is carried out by bulk polymerization or in various 
solvents, the conversion of a monomer at stopping the reaction may be 
suitably determined from the relation between the viscosity of the 
15 whole system and required stirring efficiency, even if the 
polymerization is stopped on the way. 

The polymerization caji be carried out in a range of 23°C to 
200°C and preferably in a range of 50^C to 150**C. 

In order to produce the acrylic block copolymer by the 
20 polymerization, there are mentioned a method of successively adding a 
monomer, a method of polymerizing the next block using a polymer 
preliminarily synthesized, as a macroinitiator, a method of bonding 
polymers separately polymerized by a reaction. Either of these 
methods may be used and may be used in accordance with purposes. 
25 The method of successively adding a monomer is preferable from the 
viewpoint of simplicity and easiness of the prepsiration steps. 

The reaction solution obtained by the polymerization 
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contains a mixture of a polymer and the metal complex. An organic 
acid contsdning a caxboxyl group or a sulfonyl group is added thereto 
to prepare a salt with the metal complex, and the solid of the salt with 
the metal complex prepared is removed by filtration, successively, 
5 impurities such as an acid remaining in the solution are removed by 
basic active alumina, a basic absorbent, a solid inorganic acid, an 
anion exchange resin and cellulose anion exchanger adsorption 
treatment and thereby, the solution of the acrylic block copolymer can 
be obtained. 

10 The polymerization solvent and unreacted monomer are 

successively removed by evaporation from the polymer solution 
obtained in this manner, and the acrylic block copolymer is isolated. 
As the evaporation system, a thin film evaporation system, a flash 
evaporation system, a horizontal type evaporation system equipped 

15 with an extrusion screw can be used. Since the acrylic block 
copolymer has adhering property, efficient evaporation can be carried 
out by the horizontal type evaporation system equipped with an 
extrusion screw alone or a combination with other evaporation system 
among the above-mentioned evaporation systems. 

20 < Compound (B)> 

The compound (B) composing the thermoplastic elastomer 
composition relating to the present invention is not particularly limited, 
it is a compound containing 1 . 1 or more of the functional groups (Y) in 
one molecule, and preferably a compound which reacts with the 

25 functional group (X), and can convert the acrylic block copolymer (A) to 
having a high molecular weight by an inter-bimolecular reaction or 
crosslinking. The number mentioned here represents the average 
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number of the functional group (Y) existing in the whole compound (B). 

In the present invention, the functional group (Y) is not 
particularly limited so far as it is a group reacting with the functional 
group (X) in the block copolymer (A), and at least one kind selected 
from an epoxy group, a carboxyl group, a hydroxyl group, an amino 
group and an acid anhydride group is preferable from the viewpoints of 
stability of a bond generated by the reaction, easiness of the reaction, 
and the cost of the compound (B). 

Two or more kinds of these functional groups (Y) can be 
also used in combination, but when two or more kinds are used in 
combination, it is preferable that they do not disturb the reaction with 
the functional group (X) by a mutual reaction. 

The content number of the functional group (Y) in the 
compound (B) is changed depending on the reactivity of the functional 
group (Y), a site in which the functional group (Y) is contedned and its 
mode. Accordingly, it may be set according to requirements, but is 
preferably 1.1 or more in the compounds (B), more preferably 1.5 or 
more, and particularly preferably 2.0 or more. When it is less than 
1.1, effect as a high molecular weight-converting reaction agent for the 
inter-bimolecular reaction of the acrylic block copolymer or as a 
crosslinking agent is low and the improvement of heat resistance of the 
aciylic block copolymer (A) tends to be insufficient. 

When the functional group (Y) is an epoxy group, the 
compound (B) having an epoxy group is not particularly limited so far 
as it is a compound containing 1.1 or more of epoxy groups in one 
molecule. There are exemplified epoxy resins such as a bisphenol A 
type epoxy resin, a bisphenol F type epoxy resin, a bisphenol AD type 
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epoxy resin, a bisphenol S type epoxy resin, a hydrogenated epoxy 
resin thereof, a glycidyl ester type epoxy resin, a glycidylamine type 
epoxy resin, an alicyclic type epoxy resin, a novolak type epoxy resin, a 
urethane modified epoxy resin having a urethane bond, a fluorinated 
5 epoxy resin, a rubber modified epoxy resin containing a polybutadiene 
or NBR, a flame retardant type epo^ resin such as glycidyl ether of 
tetrabromobisphenol A; epoxy plasticizers such as epoxidized soy bean 
oil, epoxidized linseed oil and an epoxidized fatty acid alkyl ester which 
are the glycidyl ethers of polyvalent alcohol or the glycidyl esters of 

10 polybasic acid; polymers containing an epoxy group such as 
BONDFAST (trade name, available from Sumitomo Chemical Co., Ltd-); 
the polymers containing an epoxy group of unsaturated polymers such 
as an olefin polymer, a styrene polymer and an acrylic poljmier. 
However, it is not limited thereto and compounds containing an epoxy 

15 group which are generally used can be used. These compounds 
containing an epoxy group may be used alone or at least two kinds 
thereof may be used in combination. 

When the functional groups (Y) is a carboxyl group, the 
compound (B) having carboxyl groups is not particularly limited so far 

20 as it is a compound containing 1.1 or more of carboxyl groups in a 
molecule. Examples are poljnners containing a carboxyl group such 
as adipic acid, itaconic acid, iminodiacetic acid, glutaric acid, succinic 
acid, citraconic acid, oxalic acid, tartaric acid, sebacic acid, azelaic acid, 
decanedicarboxylic acid, dodecanedicarbo^cy^lic acid, 

25 cyclohexanedicarboxylic acid, trans- 1,2-cyclohexanediamine 

tetraacetic acid, fumaric acid, brassilic acid (nil), malonic acid (nl), 
citraconic acid, maleic acid, isophthalic acid, terephthalic acid. 
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1 ,4-naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic acid, 
5-hydroxyisophthalic acid, o-phthalic acid, 3,3',4,4 -benzophenone 
tetracarboxylic acid, diphenoxyethane dicarbojQrlic acid, biphenyl 
dicarboxylic acid, diphenyl ether dicarboxylic acid, diphenylsulfone 
dicarboxylic acid, diphenylketone dicarboxylic acid, anthracene 
dicarboxylic acid, a,p-bis(4-carboxypheno>y)ethane, trimellitic acid, 
pyromellitic acid, imidazole-4,5-dicarboxylic acid, chelidamic acid, 
2,3-pyrazine dicarboxylic acid, citric acid, glycyrrhizic acid, aspeiragic 
acid, glutamic acid, malic acid, polymers containing a carboxyl group 
such as AQUPEC (trade name, available from Sumitomo Seika 
Chemicals Co., Ltd.) and ACTFLOW (trade name, available from Soken 
Chemical 8b Engineering Co., Ltd.); polymers containing a carboxyl 
group of unsaturated polymer such as petroleum resins such as an 
olefin polymer, a styrene polymer and an acrylic polymer. However, it 
is not particularly limited thereto and compounds containing a 
carboxyl group which are generally used can be used. These 
compounds containing carboxyl groups may be used alone or at least 
two kinds thereof may be used in combination. 

When the functional groups (Y) is an amino group, the 
compound (B) having amino groups is not particularly limited so far as 
it is a compound containing at least 1 . 1 or more of amino groups in a 
molecule. Examples are aliphatic polyamines such as 

ethylenediamine, diethylenetriamine, triethylenetetramine, 

tetraethylenepentamine, pentaethylenehexamine, 
tetramethylenediamine, pen tame thylenediamine, 

hexamethylenediamine, trimethylehexamethylenediamine, 
dodecame thylenediamine, polyoxypropylenepolyamine. 
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1 ,2-diaininopropane, bis(hexamethylene)triamine, 
tris(2-aminoethyl)amine, N,N -dimethylethylenediamine, 

N,N*-diethyl- 1 ,3-propanediamine, N,N*-dibutyl- 1 ,6-hexajiediamine, 
N,N'-diethyl-2-buten- 1 ,4-diamine, N,N -diethyl- 1 ,4-diaininocyclohexane 
£ind polyether polyamine with a number average molecular weight of 
200 to 1000 (such as polyoxypropylenediamine having amino groups at 
both terminals); alicyclic polyamines such as cyclohexylenediamine, 
piperazine, isophoronediamine, 1 ,3-bisaminomethylcyclohexane, 
1 ,4-bisaminopropylpyperazine, 1 ,3-bisaminocyclohexane, 

di(aminodicyclohexyl)methane, , 
3 , 3 '-dimethyldi(£Lminocyclohexyl) methane, 

1 -cyclohexylamino-3-aminopropane, 1 ,4-diaminocyclohexane, 

1 .4- diaminocyclopentane; di(aminocyclohexyl) methane, 
di(aminocyclohexyl)sulfone, l,3-di(aminocyclohexyl)propane, 
4-isopropyl- 1 ,2-diaminocyclohexane, 2,4-diaminocyclohexane, 
N,N'-diethyl- 1 ,4-diaminocyclohexane, 

3 . 3 *-dimethyl-4 , 4 *-diaminodicyclohexylme thane , and 
3-aminomethyl-3,3,5-trimethylcyclohexylamine; aromatic polyamines 
such as melamine, benzidine, o-phenylenediamine, 
m-phenylenediamine, p-phenylenediamine, 

4 .4 *-diaminodiphenylme thane, 4 ,4 '-diaminodiphenylsulfone , 
4,4 -diaminodiphenylether , 2 ,4-diaminodiphenylamine , 

1 .5- diguninonaphthalene, 1 ,8-diaminonaphthalene and 
2,4-diaminotoluene; the polymers containing an amino group of 
unsaturated polymers such as petroleum resins such as an olefin 
poljoner, a styrene poljnuer and an acrylic polymer. However, it is not 
limited thereto. These compounds containing amino groups may be 



42 



used alone or at least two kinds thereof may be used in combination. 

When the functional groups (Y) is a hydroxyl group, the 
compound (B) having hydro5Qrl groups is not particularly limited so far 
as it is a compound containing at least 1.1 or more of hydroxyl groups 
in a molecule. Examples are aliphatic compounds containing bivadent 
hydroxyl group such as ethylene glycol, 1,2-propanediol, 
1 ,3-propanediol, 1 ,2-butanediol, 1 ,3-butanediol, 1 ,4-butanediol, 

2.3- butajiediol, 2,4-pentanediol, 1 ,5-pentahediol, 1 ,4-butenediol, 
1 ,6-hexanediol, 2-butyl-2-etyl- 1 ,3-propanediol, propylene glycol, 
dipropylene glycol, tripropylene glycol, 1,6-hexanediol, diethylene 
glycol, dipropylene glycol, trimethylene glycol, triethylene glycol, 
tetraethylene glycol, 3,4-hexylene glycol, 1,3-butylene glycol, octanediol, 
3,6-dimethyl-4-octene-3,6-diol, 2,5-dimethyl-3-hexyne-2,5-diol, 
2,5-dimethyl-2,5-hexanediol, isoprene glycol, 3-chloro- 1,2-propanediol, 

1 .4- cyclohexanediol, cyclopentanol, 1 , 3-dihydroxyacetone, disodium 
1 ,4-dihydroxy- 1 ,4-butanedisulfonate, thioglycol, neopentylglycol, 
hexylene glycol, polyethylene glycol, polytetramethylene ether glycol, 
polypropylene glycol, 3-methyl-l,5-pentanediol, glycerine monoacetate, 
glycerine monobutylate, glycerine-a-monomethyl ether, and 
glycerine- a- monobutyl ether, aromatic compounds containing bivalent 
hydroxyl group such as catechol, l,4-dihydroxy£uithraquinone, 
hydroquinone, 1,4-dihydroxynaphthalene, bisphenol A, bisphenol S, 
2,3,5-trimethylhydroquinone, p-hydroxyphenethyl alcohol, 
protocatechuaic acid, and resorcine, polymer containing bivalent 
hydroxyl group such as polyethylene oxide, aliphatic compoxmds 
containing trivalent hydroxyl group such as trimethylolethane, 
trimethylolpropaine, 1,2,6-hexanetriol, and glycerine, aromatic 
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compounds containing trivalent hydrojcyl group such as 
2,3,4-txihydroxybenzophenone, phloroglucinol, and lauryl gallate, 
aliphatic compounds containing tetravalent hydroxyl group such as 
pentaerythritol, diglycerine, compounds containing polyvalent hydroxyl 
5 group such as sorbitol, polyglycerine, polyvinylalcohol, 
ethylene-vinylalcohol copolymer, poljrparavinyl phenol, and polyvinyl 
butylal, polymer containing hydroxyl group such as ACTFLOW (trade 
name, available from Soken Chemical & Engineering Co,. Ltd.); the 
polymers containing a hydroxyl group of unsaturated polymer such as 

10 petroleum resins such as an olefin polymer, a styrene polymer and an 
acrylic polymer. However, it is not particularly limited to these. 
These compounds containing hydroxyl groups may be used alone or 
two or more kinds thereof may be used in combination. 

When the functional groups (Y) is an acid anhydride group, 

15 the compound (B) having acid anhydride groups is not particularly 
limited so far as it is a compound containing 1.1 or more of acid 
anhydride groups in a molecule. Examples are 

3 ,3 ',4,4 -biphenyltetracarboxylic acid dianhydride, 

3 , 3 ',4 ,4 -benzophenonetetracarboxylic acid dianhydride , pyromellitic 

20 acid dianhydride, 3,3',4,4'-diphenylsulfonetetracarboxylic acid 
dianhydride, maleinated methylcyclohexane tetrabasic acid anhydride, 
polymers containing acid anhydride groups such as isobutylene maleic 
anhydride copolymer and BONDINE (trade name, available from 
Sumika ATOFINA Inc.), but it is not limited thereto. These 

25 compounds containing acid anhydride groups may be used alone or 
two or more kinds may be used in combination. 

When the fimctional groups (Y) is an oxazoline group, the 



44 



compound (B) having oxazoline groups is not particularly limited so far 
as it is a compound containing 1.1 or more of oxazoline groups in a 
molecule. Examples are multifunctional oxeuzoline compounds such 
as 2,2*-bis(2-oxazoline), 2,2 -methylene-bis(2-oxazoline), 

2,2 -ethylene-bis(2-oxazoline), 2,2 -trimethylene-bis(2-oxazoline), 

2 ,2 -tetramethylene-bis(2 -oxazoline) , 
2 , 2 '-hexamethylene-bis(2 -oxazoline) , 
2,2'-octamethylene-bis(2-oxazoline), 
2,2 -ethylene-bis(4,4'-dimethyl-2-oxazoline), 

2.2 - p-phenylene-bis(2-oxazoline), 2,2'-m-phenylene-bis(2-oxazoline), 
2,2'-m-phenylene-bis(4,4 -dimethyl-2-oxazoline), 

1 .3- phenylene-bisoxazoline, 1 ,4-phenylene-bisoxazoline, 
bis(2-oxazolinylcyclohexane)sulfide and 
bis(2-oxazolinylnorbomane) sulfide ; polymers containing oxazoline 
groups such as EPOCROS (trade name, available from Nippon 
Shokubai Co., Ltd.), but it is not limited to these. These compounds 
containing oxazoline groups may be used alone or two or more kinds 
thereof may be used in combination. 

The compound (B) of the present invention is not 
particularly limited, but it is preferably a compound which improves 
molding flowability as a plasticizer at the molding of the composition 
and can simultaneously react with the acrylic block copolymer (A). 

Further, the compound (B) of the present invention is 
preferably a compound having a boiling point of at least 200''C, more 
preferably at least 230*^0, and further preferably at least 250°C. Since 
the obtained composition is molded at a high temperature, the 
compound (B) is easily evaporated at molding when the boiling point is 
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at most 200**C, and a molding method and conditions thereof are 
limited. 

Further, the compound (B) of the present invention is 
preferably a polymer and is preferably a polymer having a weight 
5 average molecular weight of 50,000 or less. When the weight average 
molecular weight is more than 50,000, the effect of improving the 
molding flowability as a plasticizer tends to be lowered. 

Among the above-mentioned compound having an epoxy 
group, preferable examples are epoxy plasticizers such as a bisphenol 

10 A type epo^q^ resin, an epoxidized soy bean oil, an epoxidized linseed oil 
and an epoxidized fatty acid alkyl ester which are the glycidyl ethers of 
a pol5rvalent alcohol or the glycidyl esters of polybasic acid, from the 
viewpoints of compatibility with the acrylic block copolymer (A), the 
easiness of availability, cost, low volatility at molding, the improvement 

15 effect of moldability, and the mechajiical strength of the obtained 
molded article. Further, among the above-mentioned compound 
having carboxylic groups, the preferable example includes a trimellitic 
acid and polymers containing a carboxylic group such as ACTFLOW 
(trade name, available from Soken Chemical 8b Engineering Co., Ltd.). 

20 Further, among the above-mentioned compound having amino groups, 
preferable examples are hexamethylenediamine and polyether 
polyamine with a number average molecular weight of 200 to 1000. 
Further, among the above-mentioned compound having hydroxyl 
groups, preferable examples are polyethylene glycol, polypropylene 

25 glycol, glycerin and polymers containing a hydroxyl group such as 
ACTFLOW (trade name, avedlable from Soken Chemical 8b Engineering 
Co., Ltd.). Further, among the above-mentioned compound having 
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acid anhydride groups, preferable examples are 
3,3',4,4 -biphenyltetracarboxylic acid dianhydride and pyromellitic acid 
dianhydride. Further, among the above-mentioned compound having 
oxazoline groups, a preferable example is 1,3-phenylene-bisoxazoline. 

The compound (B) is preferably used in a range of 0. 1 to 
100 parts by weight based on 100 parts by weight of the acrylic block 
copolymer (A), more preferably a range of 1 to 50 parts by weight, and 
particularly preferably a range of 1.5 to 20 parts by weight. When the 
compounding amount is less than 0.1 parts by weight, moldability and 
the heat resistance of the obtained molded article are occasionally 
insufficient, and when it exceeds 100 parts by weight, the mechanical 
property of the obtained composition tends to be lowered. 
<Thermoplastic elastomer composition> 

The thermoplastic elastomer composition of the present 
invention is the thermoplastic elastomer composition comprising the 
acrylic block copolymer (A) having a functional group (X) and the 
compound (B) containing 1 . 1 or more of functional groups (Y) in one 
molecule. The functional group (X) is preferably at least one kind of 
functional groups selected from an acid anhydride group, a carboxyl 
group, a hydroxyl group and an epoxy group. The functional group (Y) 
is preferably at least one kind of functional groups selected from an 
epoxy group, a carboxyl group, a hydroxyl group, an amino group, an 
acid anhydride group and an oxazoline group. 

Not particularly limited, but among those, a combination 
that the functional group (X) is at least one kind of functional groups 
selected from an acid anhydride group and a carboxyl group and the 
functional group (Y) is an epoxy group is preferable from the viewpoints 
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of the stability of a bond formed by the reaction, easiness of the 
reaction, cost, moldability, and heat resistance and thermal stability of 
the obtained molded article. 

The thermoplastic elastomer composition of the present 
5 invention is low in melt viscosity at molding and excellent in 
moldability, and on the other hand, the functional group (X) and the 
functional group (Y) are reacted at molding and the acrylic block 
copolymer (A) is preferably converted to having a high molecular weight 
or is crosslinked. It is more preferable to be crosslinked at molding 

10 from the viewpoint of the improvement of heat resistance. 

In the thermoplastic elastomer composition of the present 
invention, various additives and catalysts may be added if necessary in 
order to accelerate a reaction at molding. For example, when the 
functional group (X) or the functional group (Y) is an epoxy group, 

15 curing agents such as acid anhydride, amine and imidazole which are 
generally used for an epoxy resin can be also used, and when the 
functional group (X) or the functional group (Y) is a hydroxyl group or a 
carboxyl group, known esterification catalysts and known ester 
exchange catalysts such as bivalent tin compounds and titanic acid 

20 esters can be used. 

In the thermoplastic elastomer composition of the present 
invention, a filler is compounded if necessary, and it can be preferably 
used. The filler is not particularly limited, and examples are 
reinforcing fillers such as wood flour, pulp, cotton chip, asbestos, glass 

25 fiber, carbon fiber, mica, walnut shell flour, rice hull flour, graphite, 
diatom earth, white clay, silica (fumed silica, precipitating silica, 
crystal silica, fused silica, dolomite, silicic anhydride, hydrated silicic 
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acid) and carbon black; fillers such as heavy calcium carbonate, 
colloidal calcium carbonate, magnesium carbonate, diatom earth, 
calcined clay, clay, talc, titanium oxide, bentonite, orgainic bentonite, 
ferric oxide, colcothar, aluminum fine powder, flint powder, zinc oxide, 
5 active zinc oxide, zinc powder, zinc carbonate and sand bur balloon; 
fibrous fillers such as asbestos, glass fiber and glass filament, carbon 
fiber, Kevlar fiber and polyethylene fiber,. 

Among those fillers, inorganic fillers are more preferable 
from the viewpoints of the improvement of mechanical property, 

10 reinforcing effect, cost, and titanium oxide, carbon black, calcium 
carbonate, silica and talc are further preferable. 

Further, in case of silica, silica on which the surface is 
preliminarily hydrophobically treated with organosilicone compounds 
such as organosilanes, organosilazane and diorganopolysiloxane may 

15 be used. Further, as calcium carbonate, there may be also used 
calcium carbonate in which surface treatment is carried out using 
surface treating agents such as organic substances such as fatty acids, 
fatty acid soap and fatty acid esters; various surfacteints, and various 
coupling agents such as a silane coupling agent and a titanate 

20 coupling agent. 

An amount to be added in the case of using the filler is 
preferably in a range of 5 to 200 parts by weight based on 100 parts by 
weight of the acrylic block copolymer (A), and more preferably in a 
range of 10 to 100 parts by weight. When the amount is less than 5 

25 parts by weight, the reinforcing effect of the obtained molded article is 
occasionally not sufficient, and when it exceeds 200 parts by weight, 
moldability of the composition tends to be lowered. At least one filler 
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can be used. 

The tiiermoplastic elastomer composition of the present 
invention can compound various lubricants for moldability, mold 
releasing property and for making the surface of a molded article low 
5 frictional, and it can be preferably used. 

The lubricant includes fatty acids such as stearic acid and 
palmitic acid; metal salts of fatty acids such as calcium stearate, zinc 
stearate, magnesium stearate, potassium palmitate and sodium 
palmitate; waxes such as polyethylene wax, polypropylene wax and 

10 montanic acid wax; low molecular weight polyolefins such as low 
molecular weight polyethylene and low molecular weight 
poljrpropylene; polyorganosioxanes such as dimethylpolysiloxane; 
cucutadecylamine, alkyl phosphate, fatly acid esters, amide lubricants 
such as ethylenebisstearylamide, fluorine resin powder such as 

15 ethylene tetrafluoride resin, molybdenum disulfide powder, silicone 
resin powder, silicone rubber powder, and silica. One or more kind of 
these can be used. Among those, stearic acid, zinc stearate, calcium 
stearate, fatty acid esters, ethylenebissteairylamide which are excellent 
in cost and moldability are preferable. 

20 An amount to be added in the case of using the lubricant 

is preferably in a range of 0.1 to 20 parts by weight based on 100 parts 
by weight of the acrylic block copolymer (A), and more preferably in a 
range of 0.2 to 20 parts by weight. When the compounding amount is 
less than 0.1 part by weight, the improving effect of moldability and 

25 making the obtained molded article have low friction are occasionally 
not sufficient, and when it exceeds 20 parts by weight, the mechanical 
property and chemical resistance of the obtained molded article tend to 
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be deteriorated. One or more lubricant can be used. 

In the thermoplastic elastomer composition of the present 
invention, various additives other than those described above may be 
added if necessary, for the purpose of the adjustment of various 
5 physical properties of the thermoplastic elastomer composition and the 
obtained molded article. As the additives, a stabilizer, a plasticizer, a 
flexibility imparting agent, a flame retardant, a pigment, an antistatic 
agent, an antibacterial and antifungus agent may be added. 

As the above-mentioned stabilizer, an antioxidant, a photo 

10 stabilizer, and an ultraviolet absorbent are raised. Examples of 
antioxidant are amine antioxidants such as phenyl-a-naphthylamine 
(PAN), octyldiphenylamine, N,N*-diphenyl-p-phenylenediamine (DPPD), 
N , N '-di- p -naphthyl-p-phenylenediamine (DNPD) , 

N-( 1 ,3-dimethylbutyl)-N -phenyl-p-phenylenediamine, 

1 5 N-phenyl-N *-isopropyl-p-phenylenediamine (IPPN) , 

N,N'-diallyl-p-phenylenediamine, phenothiazine derivative, 

diallyl-p-pheny lenediamine mixture , alkylated pheny lenediamine , 
4,4'-bis(a,a-dimethylbenzyl)diphenylamine, 

N-phenyl-N -(3-me thacryloyloxy-2-hydropropyl) -p-phenylenediamine , 
20 diallylphenylenediamine mixture, diallyl-p-phenylenediamine mixture, 
N-(l -me thylheptyl)-N'-phenyl-p-pheny lenediamine and diphenylamine 
derivative; imidazole antioxidants such as 2-mercaptobenzoimidazole 
(MBI); phenol antioxidants such as 2,6-di-t-butyl-4-methylphenol and 
pentaeiythrityltetrakis[3-(5-di-t-butyl-4-hydroxyphenol)-propionate]; 
25 phosphate antioxidants such as nickel diethyl-dithiocgirbamate; the 
secondary antioxidants such as triphenylphosphite; 
2-t-butyl-6-(3-t-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl 
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aciylate, and 
2-[ 1 -(2-hydroxy-3,5-di-t-pentylphenyl)ethyl]-4,6-di-t-pentylphen^ 
aciylate. Further, examples of the photo stabilizer and ultraviolet 
absorbent are 4-t-butylphenyl salicylate, 2,4-dihydroxybenzophenone, 
5 2,2'-dihydroxy-4-methoxybenzophenone, ethyl-2-cyano-3,3'-diphenyl 
aciylate, 2-ethylhexyl-2-cyano-3,3'-diphenyl acrylate, 

2-hydroxy-5-chlorobenzophenone, 

2-hydro>^-4-methoxybenzophenone-2-hydroxy-4-octoxybenzophenone, 
monoglycol salicylate, oxalic amide, and 

10 2 , 2 4 , 4 te trahy droxy benzophenone • 

Examples of industrial products are Irganox 1010 
(available from Chiba Specialty Chemicals Co., Ltd.), SANOL LS770 
(available from SANKYO Lifetech Co., Ltd.), ADEKA STAB LA-57 
(available from ADEKA Corporation), ADEKA STAB LA-68 (available 

15 from ADEKA Corporation), Chimassorb 944 (available from Chiba 
Specialty Chemicals Co., Ltd.), SANOL LS765 (available from SANKYO 
Lifetech Co., Ltd.), ADEKA STAB LA-62 (available from ADEKA 
Corporation), TINUVIN 144 (available from Chiba Specialty Chemicals 
Co., Ltd.), ADEKA STAB LA-63 (available from ADEKA Corporation), 

20 TINUVIN 622 (available from Chiba Specialty Chemicals Co., Ltd.), 
ADEKASTAB LA-32 (available from ADEKA Corporation), ADEKA STAB 
LA-36 (available from ADEKA Corporation), TINUVIN 571 (available 
from Chiba Specialty Chemicals Co., Ltd.), TINUVIN 234 (available from 
Chiba Specialty Chemicals Co., Ltd.), ADEKA STAB LA-31 (available 

25 from ADEKA Corporation.), TINUVIN 1130 (available from Chiba 
Specialty Chemicals Co., Ltd.), ADEKA STAB AO-20 (available from 
ADEKA Corporation.), ADEKA STAB AO-50 (available from ADEKA 
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Corporation.), ADEKA STAB 2112 (available from ADEKA Corporation.), 
ADEKA STAB PEP-36 (available from ADEKA Corporation.), 
SUMILIZER GM (available from Sumitomo Chemical Co., Ltd.), 
SUMILIZER GS (available from Sumitomo Chemical Co., Ltd.), and 
5 SUMILIZER TP-D (available from Sumitomo Chemical Co., Ltd.). 
These may be used alone and at least two kinds thereof may be used in 
combination. Among those, SANOL LS770, Irganox 1010, SUMILIZER 
GS and TINUVIN 234 are preferable from the viewpoints of the 
prevention effect of deterioration by heat and light of the acrylic block 

10 and the cost thereof. 

Example of the above-mentioned plasticizer are phthalic 
acid derivatives such as dimethyl phthalate, diethyl phthalate, 
di-n-butyl phthalate, di-(2-ethylhexyl) phthalate, diheptyl phthalate, 
diisodecyl phthalate, di-n-octyl phthalate, diisononyl phthalate, 

15 ditridecyl phthalate, octyldecyl phthalate, butylben2yl phthalate and 
dicyclohexyl phthalate; isophthalic acid derivatives such as dimethyl 
isophthalate; tetrahydrophthalic acid derivatives such as 
di-(2-ethylhexyl) tetrahydrophthalate; adipic acid derivatives such as 
dimethyl adipate, dibutyl adipate, di-n-hexyl adipate, di-(2-ethylhexyl) 

20 adipate, isononyl adipate, diisodecyl adipate and dibutyldiglycol 
adipate; azelaic acid derivatives such as di-(2-ethylhexyl) azelate; 
sebacic acid derivatives such as dibutyl sebacate; dodecan-2-ic acid 
derivatives; maleic acid derivatives such as dibutyl maleate and 
di-(2-ethylhexyl) maleate; fumaric acid derivatives such as dibutyl 

25 fumarate; trimellitic acid derivatives such as tris-(2-ethylhexyl) 
trimellitate; pyromellitic acid derivatives; citric acid derivatives such as 
acetyltributyl citrate; itaconic acid derivatives; oleic acid derivatives; 
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ricinoleic acid derivatives; stearic acid derivatives; other fatty acid 
derivatives; sulfonic acid derivatives; phosphoric acid derivatives; 
glutaric acid derivatives; polyester plasticizers which are polymers of 
dibasic acids such as adipic acid, azelaic acid and phthalic acid with 

5 glycol and monovalent alcohol; glycol derivatives; glycerin derivatives; 
paraffin derivatives such as chlorinated paraffin; epoxy derivative 
polyester polymerization type plasticizers; polyether polymerization 
type plasticizers; carbonate derivatives such as ethylene carbonate and 
propylene carbonate. The plasticizer in the present invention is not 

10 limited thereto, various plasticizers can be used and those which are 
widely commercially available as a plasticizer for rubber can be also 
used. It can be expected that these compounds can lower the 
viscosity of the acrylic block copolymer (A). Examples of commercially 
available plasticizers are THIOCOL TP (available from Morton Co.), 

15 ADEKACIZER O-130P, C-79, UL-100, P-200, and RS-735 (available 
from ADEKA Corporation.). Examples of a high molecular weight 
plasticizer other thsm those are acrylic polymer, polypropylene glycol 
polymer, poljrtetrahydrofuran polymer, and polyisobutylene polymer. 
It is not particularly limited, but among those, adipic acid derivatives, 

20 phthalic acid derivatives, glutaric acid derivatives, trimellitic acid 
derivatives, pyromellitic acid derivatives, polyether plasticizers, glycerin 
derivatives, epoxy derivative polyester polymerization type plasticizers, 
polyether poljnuerization type plasticizers are preferable since they 
have low volatility and weight loss thereof by heating is small. 

25 The above-mentioned flexibility imparting agent is not 

particularly limited, and examples are a softening agent such as 
process oil; oil such as animal oil and plant oil; petroleum fractions 
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such as kerosene, light oil, heavy oil and naphtha. As the softening 
agent, process oil is mentioned, and more specific examples are 
paraffin oil; naphthene process oil; and petroleum process oil such as 
aromatic process oil. As the plant oil, examples are ricinus oil, cotton 
seed oil, faxseed oil, rape seed oil, soy bean oil, paJm oil, coconut oil, 
peanut oil, pine oil, and tall oil, and one or more of these flexibility 
imparting agents can be used. 

As the above-mentioned flame retardant, the following 
compounds can be mentioned but they are not particularly limited, 
and examples are triphenyl phosphate, tricresyl phosphate, 
decabromobiphenyl, decabromobiphenyl ether, and antimony trioxide. 
These can be used alone, or a plurality of these may be used in 
combination. 

As the above-mentioned pigment, the following compounds 
can be mentioned but they are not particularly limited, and examples 
are carbon black, titanium oxide, zinc sulfide, and zinc oxide. These 
can be used alone, or a plurality of these may be used in combination. 
<Preparation process of thermoplastic elastomer composition> 

The preparation process of thermoplastic elastomer 
composition is not particularly limited, but for example, as a batch 
type kneading device, a mixing roll, a Banbury mixer, a pressuring 
kneader and a high shearing mixer can be used, and as a continuous 
kneading equipment, a uniaxial extruder, a biaxial extruder, and a 
KCK extruder may be used. Further, known processes such as a 
process of mechanically mixing a composition to be formed in pellets 
can be used. 

A temperature at kneading for preparing the thermoplastic 
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elastomer composition is preferably a temperature at which the acrylic 
block copolymer (A) is reacted with the compound (B) and moldability 
is not lowered. A temperature at which the acrylic block copolymer (A) 
is reacted with the compound (B) and moldability is deteriorated is 
5 determined by kinds of the functional group (X) and the functional 
group (Y), introduction amount, the composition of the acrylic block 
copolymer (A) and the compound (B), and the compatibility of the 
acrylic block copolymer (A) with the compound (B). Accordingly, the 
reaction is carried out at a desired temperature by changing these 

10 conditions. Herein, the reaction temperature is preferably at most 
200''C for enabling molding of the obtained composition, more 
preferably at most 180**C, and further preferably at most 150**C. 

It is preferable to carry out processing at a temperature at 
which high molecular weight conversion or crosslinking does not occur 

15 and processing can be carried out. But the temperature may be 
within a range in which processing can be carried out, though high 
molecular weight conversion occurs in part or partial crosslinking 
occurs. 

In the case of the powder slash molding, it is preferable to 
20 obtain the thermoplastic elastomer composition as powder. As the 
process of obtaining powder, the powder can be obtained by finely 
pulverizing the thermoplastic elastomer composition in a block state or 
a pellet state which is processed by the above-mentioned process by 
using an impact pulverizer such as a turbo mill, a pin mill, a hammer 
25 mill and a centrifugation mill. At this time, pulverization is usually 
carried out at normal temperature, but mechanical pulverization can 
be carried out by using a cooling medium and a cooling facility. 
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<Molding process of thermoplastic elastomer composition> 

The composition obtained in the above-described 
preparation process of the thermoplastic elastomer can be molded by 
various processes, and it can be preferably applied to powder slash 
5 molding, injection molding, injection blow molding, blow molding, 
extrusion blow molding, extrusion molding, calendar molding, vacuum 
molding, and press molding. Among them, the powder slash molding 
is more preferably used. Herein, the powder slash molding is a 
process of flowing the composition powder into a molding mold heated 

10 at a high temperature to be melt- molded and taking out a molded 
article solidified by cooling after taking a definite period of time. It is 
required to fluidize the powder to carry out melt-molding even under 
no pressurization in the powder slash molding, but on the other hand, 
the molded article after molding is exposed in environments where the 

15 molded article is used at 100°C or more. Therefore, it is difficult to 
make a balance between moldability and heat resistance. However, 
since the acrylic block copolymer (A) and the compound (B) in the 
thermoplastic elastomer composition of the present invention are in an 
unreacted state before molding, and are excellent in melting property 

20 in a mold. On the other hand, the acrylic block copolymer (A) is 
reacted with the compound (B) within a definite period of time until it 
is solidified by cooling, the acrylic block copolymer (A) is converted to 
having a high molecular weight or crosslinked, and heat resistance 
after the molding is improved. Consequently, the thermoplastic 

25 elastomer composition can be recognized as a preferable material for 
the powder slash molding. 

When heat resistance is imparted by the high molecular 
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weight conversion of the acrylic block copolymer (A) at molding in the 
powder slash molding, the number average molecular weight of the 
acrylic block copolymer (A) after molding is preferably 100,000 or more, 
more preferably 150,000 or more and further preferably 200,000 or 
5 more. When the number average molecular weight is lower thsm 
100,000, the improvement effect of the heat resistance tends to be 
lowered. 

Further, when the heat resistance is imparted by 
crosslinking at molding, the insoluble content ratio (% by weight) of the 

10 molded article after molding is preferably 50 % or more by weight, 
more preferably 70 % or more by weight, and further more preferably 
80 % or more by weight. When the insoluble content ratio is lower 
than 50 % by weight, the improvement effect of the moldability and 
heat resistance tends to be lowered. On the other hand, the insoluble 

15 content ratio before molding is preferably 30 % or less by weight, more 
preferably 10 % or less by weight, and further preferably 5 % or less by 
weight. When it is 30 % by weight or more, moldability tends to be 
deteriorated. 

In the above description, the insoluble content ratio (% by 
20 weight) represents the weight of a residual solid for 1 g of the 
thermoplastic elastomer composition. The residual solid is obtained 
by packing 1 g of the thermoplastic elastomer composition in a 350 
mesh metal net, immersing it in toluene at 80*^0 or acetone at 60^*0 for 
24 hours (toluene or acetone is selected by the solubility of the 
25 thermoplastic elastomer composition), fractionating a toluene or 
acetone soluble part, drying the residual solid at 80**C under vacuum 
and measiaring the weight g of the residual solid after drying. 
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EXAMPLES 

The present invention is further explained in detail based 
on Examples, but the present invention is not limited only to these 
Examples. 

5 Further, BA, EA, TBA, MMA, TBMA and GMA in Examples 

respectively represent n-butyl acrylate, ethyl acrylate, t-butyl acrylate, 
methyl methaciylate, t-butyl methacrylate and glycidyl methacrylate. 
< Measurement method of molecular weight> 

Molecular weight shown in the present Example was 
10 calculated in terms of polystyrene which was measured by a GPC 
analysis device shown below using chloroform as mobile phase. A 
GPC system made by Waters Co. was used as a system and Shodex 
k-804 (polystyrene gel) available from Showa Denko K.K. was used as a 
column. 

15 <Measurement method of conversion of polymerization reaction> 

The conversion of a polymerization reaction shown in the 
present Examples was measured by an analysis equipment and 
conditions shown below. 

Device: Gas chromatography GC-14B made by Shimadzu Corporation. 
20 Separation column: Capillary column; Supelcowax-10, 0.35 mm^ x 30 
m, made by J 8& W SCIENTIFIC INC. 

Separation condition: Initial temperature: SO^'C and retention for 3.5 
minutes. 

Temperature increasing speed: 40'*C/min 
25 Final temperature: 140'*C and retention for 1.5 minutes 

Injection temperature: 250**C 
Detector temperature: 250*'C 
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Sample adjustment: A sample was diluted to about 3-fold by ethyl 
acetate and butyl acetate was used as an intemal standaird substance. 
<Measurement of insoluble content ratio (% by weight) > 

1 g of the thermoplastic elastomer composition was packed 
5 in a 350 mesh metal net, and it was immersed in toluene at 80°C or 
acetone at for 24 hours (toluene or acetone is selected by the 

solubility of the acrylic block copoljoner). Then, a toluene or acetone 
soluble pairt was fractionated, the residual solid was dried at 80**C 
under vacuum and the weight g of the residual solid after drying was 
10 measured. The insoluble content ratio is represented by a weight of 
the residual solid content for 1 g of the thermoplastic elastomer 
composition. 

<Ethanol resistance test> 

Ethanol resistance shown in Examples and Comparative 
15 Examples was measured according to conditions shown in the 
following. 

The sheets with crepe pattern prepared in Examples and 
Comparative Examples were placed on a flat surface, one drop of 
ethanol (available from Wako Pure Chemical Industry Ltd.) was added 

20 dropwise with a pipette thereon, and they were left alone at a room 
temperature for 24 hours. Then, their surfaces were visually observed. 
The sheets were evaluated by the criteria such that those having no 
trace were O, those in which trace was observed but had no whitening 
were A, and those in which whitening was observed were X . 

25 <Oil resistance test> 

Paraffin resistance property shown in Examples and 
Comparative Examples were measured by conditions shown in the 
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following. 

The sheets with crepe pattern prepared in Examples and 
Comparative Examples were placed on a flat surface, one drop of liquid 
paraffin (available from Nakarai Tesk Co.) was added dropwise with a 
5 pipette thereon, and they were left alone at a room temperature for 24 
hours. Then, the liquid paraffin was wiped off with KIMWIPE (made 
by Cresia Inc.) and their surfaces were visually observed. The sheets 
were evaluated by the criteria such that those having no trace were O, 
those in which trace was observed but had no whitening were A, and 

10 those in which whitening was observed were X , 
<Heat resistance test> 

Heat resistance shown in Examples and Comparative 
Examples were measured by conditions shown in the following. 

The sheets with crepe pattern prepared in Examples and 

15 Comparative Examples were left alone at 120**C for 24 hours. Then, 
their surfaces were visually observed. The sheets were evaluated by 
the criteria such that those in which the change of the crepe pattern 
was not observed were O, those in which the change of the crepe 
pattem was not clear but surface luster was increased in comparison 

20 with the initial stage were A, and those in which the change of the 
crepe pattem was observed were X , 
<Urethane adhesiveness test> 

Superficial skin materials were prepared by press-molding 
the compositions according to Examples and Comparative Examples. 

25 A cartridge type poljrurethane (available from Air Tight Co.) in which 
4,4 -diphenylmethanediisocyanate was the main component was 
coated on a metal plate and the superficial skin material was 
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immediately mounted on the foamed body to be adhered. After talking 
for at least 12 hours (state in which the foamed article was completely 
cured), the superficial skin material was peeled from the foamed 
urethane with a hand and the state of destruction was observed. 
5 Those in which destruction occurred in a urethane material were 
referred to as O, those in which destruction occurred at the portion of 
interface between a sheet and urethane were referred to as A, and 
those in which destruction occurred at interface between the sheet and 
urethane were referred to as X . 

10 <Powder slash property test> 

A block of the composition was prepared according to 
Examples and Comparative Examples. The block of the composition 
was charged in a small size pulverizer (made by Kyoritsu-Riko Co.) 
cooled with dry ice and pulverized while adding dry ice. The obtained 

15 powder was evaluated under condition in the following. The obtained 
powder was brought in contact for 30 seconds with a skin crepe metal 
plate heated at 260°C, unmelted powder was removed after 
heat-melting and it was cooled to a room temperature to obtain a 
molded sheet. 

20 Evaluation index: 

The obtained molded sheet was observed visually. The 
sheet was evgJuated by the criteria such that those in which crepe 
transcription property was good and pinhole /foams were not found 
were referred to as O, those in which either of one of items was poor 

25 were referred to as A, and those in which the site of poor crepe 
formation was found and pinhole /foams were found were referred to as 
X. 
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PREPARATION EXAMPLE 1 
Synthesis of (MMA-co-BA-co-TBMA)-b-BA-b-(MMA-co-BA-co-TBMA) 
type acrylic block copolymer (hereinafter, described as **the precursor 

r) 

5 Following operations were carried out in order to obtain 

the precursor 1. After the atmosphere of a 15 L pressure resistant 
reactor was purged with nitrogen, 13.6 g (95 mmol) of copper bromide 
was weighed and 146 g of acetonitrile (treated with nitrogen bubbling) 
was added. After stirring by heating at VO'^C for 30 minutes, 19.0 g 

10 (53 mmol) of diethyl 2,5-dibromoadipate as an initiator and 1664 g 
(13.0 mol) of BA were added. The mixture was stirred by heating at 
SS^'C and 1.65 g (9.5 mmol) of pentamethyldiethylenetriamine as a 
ligand was added to initiate polymerization. 

About 0.2 mL of the polymerization solution as for 

15 sampling was extracted from the polymerization solution periodically 
from the start of polymerization and the conversion of BA was 
determined by the gas chromatogram analysis of the sampling solution. 
Polymerization speed was controlled by adding 
pentamethyldiethylenetriamine as needed. When the conversion of BA 

20 reached at 94.6 %, 82.8 g (0.58 mol) of TBMA, 927 g (9.3 mol) of MMA, 
202 g (1.6 mol) of BA, 9.4 g (95 mmol) of copper chloride, 1.98 g (9.5 
mmol) of pentamethyldiethylenetrigimine and 2269 g of toluene (treated 
with nitrogen bubbling) were added thereto. Similarly, the conversion 
of TBMA, MMA and BA were determined. When the conversion of 

25 TBMA was 93.1 %, the conversion of MMA was 89.2 % and the 
conversion of BA was 66.8 % based on the concentration of BA just 
after the addition of MMA/TBMA/BA, 2400 g of toluene was added. 
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and the reactor was cooled with a water bath to terminate the reaction. 

The polymerization solution was diluted with 1900 g of 
toluene, 32.5 g of p- toluene sulfonic acid monohydrate was added to be 
stirred for 3 hours at a room temperature, and a solid precipitated was 
5 removed by filtration. 40.8 g of an absorbent KYOWARD 500SH 
(available from KYOWA Chemical Industry Co., Ltd.) was added to the 
obtained poljnner solution and the mixture was further stirred at a 
room temperature for one hour. The absorbent was filtered by a 
Kiriyama funnel to obtain a colorless transparent polymer solution. 

10 The solution was dried and the solvent and residual monomer were 
removed to obtain the precursor 1 which was the objective acrylic 
block copolymer. 

When the GPC analysis of the precursor 1 of the acrylic 
block copolymer was carried out, the number average molecular weight 

15 Mn was 72,200 and the molecular weight distribution Mw/Mn was 
1.42. 

< Reaction forming acid anhydride of precursor 1> 

45 g of the precursor 1 obtained in the above description 
and 0.09 g of Irganox 1010 (available from Chiba Specialty Chemicals 

20 Co., Ltd.) were melt- kneaded at 100 rpm for 20 minutes using a LABO 
Plasto Mill 50C150 (blade shape: roller type R60, made by TOYO SEIKI 
KOGYO Co., Ltd.) set at 240**C to obtain an objective acrylic block 
copolymer containing an acid anhydride group and a carboxyl group 
(hereinafter, the obtained polymer is described as "the polymer 1*'). 

25 The conversion to the acid anhydride group and the 

carbo>grl group at a t-butyl ester site could be confirmed by IR (infrared 
absorption spectrum) and i3c(iH)-NMR (nuclesir magnetic resonance 
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spectrum). Namely, in IR, it could be confirmed because absorption 
spectrum derived from an acid anhydride group was observed nearby 
1800 cm-i after the conversion. In i3C(iH)-NMR, it could be confirmed 
because a signal at 82 ppm which was derived from quaternary carbon 
5 of t-butyl group and a signal at 28 ppm which was derived from methyl 
carbon of t-butyl group were extinguished after the conversion and a 
signal at 172 to 173 ppm (m) which was derived from the carbonyl 
carbon of an acid anhydride group and a signal at 176 to 179 ppm (m) 
which was derived from the carbonyl carbon of a carboxyl group newly 
10 appeared. 

PREPARATION EXAMPLE 2 
Synthesis of (MMA-co-EA)-b-(BA-co-TBA)-b-(MMA-co-EA) type acrylic 
block copolymer (hereinafter, described as "the precursor 2**) 

15 The following operations were carried out in order to obtain 

the precursor 2. 

A 500 L reactor purged with nitrogen was charged with 
71.83 kg of n-butyl acrylate, 3.23 kg of t-butyl acrylate and 0.804 kg of 
cuprous bromide to initiate stirring. Then, a solution in which 1.12 

20 kg of diethyl 2,5-dibromoadipate was dissolved in 6.59 kg of 
acetonitrile was charged thereto and the inner solution was stirred for 
30 minutes while flowing warm water into jacket and raising the 
temperature of inner solution to 75°C. When the inner temperature 
reached at 75''C, 97. 1 g of pentamethyldiethylenetriamine was added 

25 to initiate the poljnnerization of an acrylic polymer block. 
Polymerization speed was controlled by adding 
pentamethyldiethylenetriamine at polymerization as needed. 
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Pentamethyldiethylenetriamine was added 3 times in total (291.3 g in 
total) during the polymerization of the acrylic polymer block. 

When the conversion reached at 99.1 %, 97.6 kg of toluene, 
0.555 kg of cuprous chloride, 45.29 kg of methyl methacrylate, 7.36 kg 
5 of ethyl aciylate and 97.1 g of pentamethyldiethylenetriamine were 
added thereto to start the polymerization of the methacrylic polymer 
block. When the conversion of methyl methacrylate reached at 95.8 %, 
220 kg of toluene was added to dilute the reaction solution and the 
reactor was cooled to terminate the reaction. When the GPC analysis 

10 of the obtained block copolymer was carried out, the number average 
molecular weight Mn was 62400 and the molecular weight distribution 
Mw/Mn was 1.44. 

30 kg of toluene was added to the obtained block 
copol3rmer solution, and a concentration of the polymer was adjusted 

15 to 25 % by weight- To the solution, 2.24 kg of p-toluene sulfonic acid 
was added, the reactor was purged with nitrogen, and the solution was 
stirred for 3 hours at 30°C. The reaction solution was sampled and 
after confirming that the solution was colorless and transparent, 2.44 
kg of RADIOLITE #3000 (available from Showa Chemical Industry Co., 

20 Ltd.) was added to the solution. Then, the reactor was pressurized to 
0.1 to 0.4 MPaG with nitrogen and solid was separated using a 
pressurized filter (filtration area of 0.45 m^) equipped with polyester felt 
as a filtration material. 

2,44 kg of KYOWARD 500SH was added to about 450 kg of 

25 the block copol3aner solution after filtration, the reactor was purged 
with nitrogen and the solution was stirred at 30**C for one hour. The 
reaction solution was sampled and after confirming that the solution 
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was neutral, the reaction was terminated. Then, the reactor was 
pressurized to 0.1 to 0.4 MPaG with nitrogen and solid was separated 
using a pressurized filter (filtration area of 0.45 m^) equipped with 
polyester felt as a filtration materiad to obtain the pol5niier solution. 
5 728 g of Irganox 1010 (available from Chiba Specialty Chemicals Co., 
Ltd.) was added to the obtained polymer solution and dissolved. 

Successively, the solvent component was evaporated from 
the pol3mier solution. SCP 100 (heat transfer area: 1 m^) made by 
Kurimoto Ltd. was used as an evaporator. The evaporation of the 

10 polymer solution was carried out by setting heat transfer oil at the inlet 
of the evaporator at ISO^'C, the vacuum degree of the evaporator as 90 
Torr, the rotational number of a screw as 60 rpm and the feed speed of 
the polymer solution as 32 kg/h. The polymer was made as strand 
with a dice of 4 mm(|> through a discharger, it was cooled with a water 

15 vessel filled with 3 % suspension solution of ALFLOW H50ES (main 
component: ethylenebisstearic acid amide available from NOF 
Corporation) and then, columnar pellets were obtained by a pelletizer. 
Thus, pellets of the precursor 2 of the objective acrylic block copolymer 
were obtained. 

20 < Reaction forming acid anhydride of precursor 2> 

1 part by weight of hydrotalcite DHT-4A-2 (available from 
KYOWA Chemical Industry Co., Ltd.) as an acid trapping agent was 
compounded to 100 parts by weight of the precursor 2 obtained in the 
above description, and extrusion-kneaded by setting a rotational 

25 number at 150 rpm, the cylinder temperature of a hopper setting 
portion at lOO'^C and all other setting temperature at 260*'C using a 
biaxial extruder with a vent (44 mm, L/D = 42.25) (made by Japan 
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Steel Works Ltd.) to obtain an objective acrylic block copolymer 
containing an acid anhydride group and a carboxyl group (hereinafter, 
the obtained polymer is described as "the polymer 2"). At extrusion, 
the vent orifice was blocked. Further, at this time, an underwater cut 
5 pelletizer (CLS-6-8.1 COMPACT LAB SYSTEM, made by GALA 
INDUSTRIES INC.) was connected with the edge of the biaxial extruder 
and spherical pellets without adhesion preventing property were 
obtained by adding ALFLOW H-50ES (available from NOF Corporation) 
as an adhesion preventing agent in the circulation water of the 

10 underwater cut pelletizer. 

The measurement of conversion efficiency to the acid 
anhydride group and the carboxyl group at a t-butyl ester site was 
carried out by quantifying the amount of isobutylene generated from 
the t-butyl group by a thermal decomposition reaction at 280'*C, As a 

15 result of the measurement, the conversion efficiency of the obtained 
resin was at least 95 %. 



PREPARATION EXAMPLE 3 
Synthesis of (MMA-co-EA)-b-(BA-co-GMA)-b-(MMA-co-EA) type acrylic 

20 block copolymer (hereinafter, described as "the polymer 3") 

The following operations were carried out in order to obtain 
the precursor 3. After a 15 L pressure resistant reactor was purged 
with nitrogen, 6.45 g (45 mmol) of copper bromide, 712 g (5.6 mol) of 
BA and 54 g (0.38 mol) of GMA were charged thereto to initiate stirring. 

25 Then, a solution in which 9.0 g (25 mmol) of diethyl 
2,5-dibromoadipate as an initiator was dissolved in 67 g of acetonitrile 
(treated with nitrogen bubbling) was charged thereto and the inner 
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solution was stirred for 30 minutes while raising the temperature of 
the inner solution to TS^'C. When the inner temperature reached at 
TS^'C, 0.78 g (4 mmol) of pentamethyldiethylenetriamine as a ligand 
was added to initiate polymerization of an acrylic polymer block. 
5 About 0.2 mL of the polymerization solution as for 

sampling was extracted from the polymerization solution periodically 
from the start of the polymerization sind the conversions of BA and 
GMA were determined by the gas chromatogram analysis of the 
sampling solution. Polymerization speed was controlled by adding 

10 pentamethyldiethylenetriamine at polymerization as needed. When 
the conversion of BA reached at 96.0 % and the conversion of GMA 
reached at 100 %, 447 g (4.5 mol) of MMA, 124 g (1.24 mol) of EA, 4.45 
g (45 mmol) of copper chloride, 0.78 g (4 mmol) of 
pentamethyldiethylenetriamine and 1059 g of toluene (treated with 

15 nitrogen bubbling) were added thereto to initiate polymerization of the 
methaciylic polymer block. 

The conversion of MMA were determined in the same 
manner as at the polymerization of the acrylic polymer block. 
Sampling was carried out at charging MMA and the conversion of MMA 

20 was determined using this as a basis. After charging MMA, the inner 
temperature was set at 85^C. A polymerization speed was controlled 
by adding pentamethyldiethylenetriamine at polymerization as needed. 
When the conversion of MMA was 90.0 %, 1060 g of toluene was added 
and the reactor was cooled with a water bath to terminate the reaction. 

25 Toluene was added to the obtained reaction solution and it 

was diluted so that a concentration of the polymer was 25 % by weight. 
15.4 g of p- toluene sulfonic acid monohydrate was added to the 
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solution to be stirred for 3 hours at a room temperature, and a 
precipitated solid content was removed by filtration. 

18.5 g of an absorbent KYOWARD 500SH (available from 
KYOWA Chemical Industry Co., Ltd.) was added to the obtadned 
5 polymer solution, and the mixture was further stirred at a room 
temperature for one hour. The absorbent was filtered by a Kiriyama 
funnel to obtain a colorless transparent polymer solution. The 
solution was dried and the solvent and the residual monomer were 
removed to obtain the polymer 3 which was the objective acrylic block 
10 copolymer. 

When the GPC analysis of the polymer 3 of the acrylic 
block copolymer was carried out, the number average molecular weight 
Mn was 72,992, and the molecular weight distribution Mw/Mn was 
1.40. 

15 

PREPARATION EXAMPLE 4 
Synthesis of (MMA-co-BA)-b-BA-b-(MMA-co-BA) type acrylic block 
copolymer (hereinafter, described as the polymer 4) 

The following operations were carried out for obtaining the 

20 pol3rmer 4. After a 5 L separable flask as a polymerization container 
was purged with nitrogen, 5.7 g (40 mmol) of copper bromide was 
weighed and 59 g of acetonitrile (treated with nitrogen bubbling) was 
added thereto. After stirring by heating at TO^'C for 30 minutes, 8.0 g 
(22 mmol) of diethyl 2,5-dibromoadipate as an initiator and 671 g (5.2 

25 mol) of BA were added thereto. The mixture was stirred by heating at 
85''C and 0.69 g (4.0 mmol) of pentamethyldiethylenetriamine as a 
ligand was added to initiate polymerization. 
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About 0.2 mL of polymerization solution as for sampling 
was extracted from the polymerization solution periodically from the 
initiation of poljmnerization and the conversion of BA was determined 
by the gas chromatogram analysis of the sampling solution. 
5 Polymerization speed was controlled by adding 
pentamethyldiethylenetriamine as needed. When the conversion of BA 
reached at 94.5 %, 391 g (3.9 mol) of MMA, 61 g (0.47 mol) of BA, 4.0 g 
(40 mmol) of copper chloride, 0.69 g (4.0 mmol) of 
pentamethyldiethylenetriamine and 841 g of toluene (treated with 

10 nitrogen bubbling) were added thereto. Similarly, the conversions of 
MMA and BA were determined. When the conversion of MMA was 
90.5 % and the conversion of BA was 67.1 % based on the 
concentration of BA just after the addition of MMA/TBMA/BA, 1500 g 
of toluene was added thereto smd the reactor was cooled with a water 

15 bath to terminate the reaction. 

The reaction solution was diluted with 700 g of toluene, 
16.0 g of p- toluene sulfonic acid monohydrate was added to be stirred 
for 3 hours at a room temperature, and a precipitated solid content 
was removed by filtration. 16.0 g of an absorbent KYOWARD 500SH 

20 (available from KYOWA Chemical Industry Co., Ltd.) was added to the 
obtained polymer solution, and the mixture was further stirred at a 
room temperature for one hour. The absorbent was filtered by a 
Kiriysima funnel to obtain a colorless transparent polymer solution. 
The solution was dried, and the solvent and the residual monomer 

25 were removed to obtain the objective polymer 4. 

When the GPC analysis of the obtained poljnner 4 was 
carried out, the number average molecular weight Mn was 62600 and 
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tJie molecular weight distribution Mw/Mn was 1.44. 

PREPARATION EXAMPLE 5 
Synthesis of (MMA-co-BA)-b-BA-b-(MMA-co-BA) type acrylic block 
5 copolymer (hereinafter, described as the polymer 5) 

The following operations were carried out in order to obtain 
the polymer 5. 

After a 5 1 separable flask as a polymerization container 
was purged with nitrogen, 11.3 g (78.5 mmol) of copper bromide was 

10 weighed and 180 ml of acetonitrile (dried with molecular sieves 3A and 
then treated with nitrogen bubbling) was added thereto. After stirring 
by heating at 70**C for 5 minutes, it was cooled to a room temperature 
again, 5.7 g (15.7 mmol) of diethyl 2,5-dibromoadipate as an initiator 
and 804.6 g (900.0 ml) of n-butyl aciylate were added. The mixture 

15 was stirred by heating at 80^C and 1.6 ml (7.9 mmol) of 
pentamethyldiethylenetriamine as a ligand was added to initiate 
polymerization. About 0.2 ml of a polymerization solution as for 
sampling was extracted from the polymerization solution periodically 
from the initiation of polymerization and the conversion of butyl 

20 acrylate was determined by the gas chromatogram analysis of the 
sampling solution. Polymerization speed was controlled by adding 
pentamethyldiethylenetriamine as needed. When the conversion of 
n-butyl acrylate reached at 95 %, 345.7 g (369.3 ml) of methyl 
methacrylate, 7.8 g (78.5 mmol) of copper chloride, 1.6 ml (7.9 mmol) 

25 of pentamethyldiethylenetriamine and 1 107.9 ml of toluene (dried with 
molecular sieves 3A ajid then treated with nitrogen bubbling) were 
added thereto. Similarly, the conversion of methyl methacrylate was 
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determined. When the conversion of methyl methacrylate was 85 % 
and the conversion of n-butyl acrylate was 98 %, 1500 ml of toluene 
was added and the reactor was cooled with a water bath to terminate 
the reaction. The polymerization solution was adways green during the 
5 reaction. 

The reaction solution was diluted with 4000 ml of toluene, 
22.1 g of p-toluene sulfonic acid monohydrate was added to be stirred 
at 23*^0 for 3 hours. After removing the insoluble portion precipitated 
by filtering with a Kiriyama funnel, 9.7 g of an absorbent KYOWARD 

10 500SH was added to the polymer solution and the mixture was further 
stirred at 23^*0 for 3 hours. The absorbent was filtered by a Kiriyama 
funnel to obtain a colorless transparent polymer solution. The 
solution was dried, and the solvent and the residual monomer were 
removed to obtain the objective polymer 5, 

15 When the GPC analysis of the obtained polymer 5 was 

carried out, the number average molecular weight Mn was 119,200 
and the molecular weight distribution Mw/Mn was 1.51. Further, 
when compositional analysis by NMR was cgirried out, it was BA/MMA 
= 72/28 (% by weight). 

20 

EXAMPLE 1 

A proportion of 10 parts by weight of EPICOAT 828 
(available from Japeui Epoxy Resins Co., Ltd.) which is an cpoxy resin, 
0.5 part by weight of carbon black (ASAHI #15; available from Asahi 
25 Carbon Co., Ltd.) and 0.3 part by weight of Irganox 1010 (available 
from Chiba Specialty Chemicals Co., Ltd.) based on 100 parts by 
weight (38 g) of the polymer 1 obtained in Preparation example 1 was 
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melt-kneaded at 100 rpm for 15 minutes using a LABO Plasto Mill 
50C150 (blade shape: roller type R60, made by TOYO SEIKI KOGYO 
Co., Ltd.) set at 100*'C to obtain a block sample. 

The obtained sample was molded at a set temperature of 
200''C for 5 minutes with a hot press (a compression molding machine 
NSF-50 made by Shinto Metal Industries Ltd.) using a skin crepe metal 
plate and molded articles for evaluation having a thickness of 1mm on 
which the skin crepe pattern was transcribed were obtained. Ethanol 
resistance, oil resistance, urethane adhesivity and heat resistance test 
were measured for these molded articles. The result is shown in Table 
1 . Further, the powder slash property test was carried out for powder 
obtained by pulverizing the block sample obtained in the above 
description. Further, an insoluble content ratio (% by weight) was 
measured by using a powder before the powder slash molding and a 
sheet after molding. The result is shown in Table 1 . 

EXAMPLE 2 

A proportion of 4.4 parts by weight of EPIOL E-400 
(available from NOF Corporation) which is an epoxy group-containing 
20 compound and 0,5 part by weight of carbon black (ASAHI #15; 
available from Asahi Carbon Co., Ltd.) based on 100 parts by weight 
(38 g) of the poljrmer 2 obtained in Preparation Example 2 was 
melt-kneaded at 100 rpm for 15 minutes using a LABO Plasto Mill 
50C150 (blade shape: roller type R60, made by TOYO SEIKI KOGYO 
25 Co., Ltd.) set at lOO^^C to obtain a block sample. 

The obtained sample was evaluated in the saune manner as 
Example 1 . The result is shown in Table 1 . 



10 
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EXAMPLE 3 

The operation was carried out in the same manner as 
Example 2 except that 2.5 parts by weight of EPIOL P-200 (available 
from NOP Corporation) was used in place of 4.4 parts by weight of 
5 EPIOL E-400 (available from NOP Corporation) of Example 2, and a 
block sample was obtained to be evaluated. 

EXAMPLE 4 

A proportion of 2.0 parts by weight of triethylene glycol 
(available from Wako Pure Chemical Industry Ltd.) which is a hydroxyl 
group-containing compound, 0.5 part by weight of carbon black 
(ASAHI #15; available from Asahi Carbon Co., Ltd.) and 0.3 part by 
weight of Irggmox 1010 (available from Chiba Specialty Chemicals Co., 
Ltd.) based on 100 parts by weight (38 g) of the polymer 3 obtained in 
Preparation Example 3 was melt-kneaded at 100 rpm for 15 minutes 
using a LABO Plasto Mill 50C150 (blade shape: roller type R60, made 
by TOYO SEIKI KOGYO Co., Ltd.) set at lOO^C to obtain a block 
sample. 

The obtained sample was evaluated in the same manner as 
Example 1 . The result is shown in Table 1 . 

COMPARATIVE EXAMPLE 1 
A proportion of 0.5 part by weight of carbon black (ASAHI 
#15; available from Asahi Carbon Co., Ltd.) and 0.3 part by weight of 
25 Irganox 1010 (available from Chiba Specialty Chemicals Co. Ltd.) based 
on 100 pairts by weight (38 g) of the polymer 4 obtained in Preparation 
example 4 was melt-kneaded at 100 rpm for 15 minutes using a LABO 



10 



15 



20 
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Plasto Mill 50C150 (blade shape: roller type R60, made by TOYO SEIKI 
KOGYO Co., Ltd.) set at IQC^C to obtain a block sample. 

The obtained sample was evaluated in the same manner as 
Example 1 . The result is shown in Table 1 . It is clear that the block 
5 sample is excellent in powder slash moldability but inferior in heat 
resistance. 

COMPARATIVE EXAMPLE 2 
The operation was carried out in the same manner as 
10 Comparative Example 1 except that the polymer 5 was used in place of 
the polymer 4 of Comparative Example 1, and a block sample was 
obtained to be evaluated. 

It is cleair that the block sample is excellent in heat 
resistance but inferior in powder slash moldability. 
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TABLE 1 



Ex. Com. Ex. 





1 


2 


3 


4 


1 


2 


Polymer 1 


100 












Polymer 2 




100 


100 








Polymer 3 








100 






Polymer 4 










100 




Polymer 5 












100 
















EPIOL E-400 




4 4 










EPIOL P-200 






2.5 








Inetnylene glycol 








2 






ASAHI #15 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


Ethanol resistance 


o 


o 


o 


o 


O 


O 


Oil resistance 


o 


o 


o 


o 


O 


O 


Heat resistance 


o 


o 


o 


o 


X 


O 


Urethane adhesivity 


o 


o 


o 


o 


A 


A 


Powder slash property 


o 


o 


o 


o 


o 


X 


Insoluble content ratio 


0 








0 




before molding (% by weight) 








0 


Insoluble content ratio 


64 












after molding (% by weight) 








0 


0 



As cleared from Table 1 (Examples 1 to 4 and Comparative 
Examples 1 and 2), it proves that the thermoplastic elastomer 
5 composition of the present invention is excellent in powder slash 
moldability and, additionally, improves heat resistance of the obtained 
molded article by a crosslinking reaction (the increase of insoluble 
content ratio) compared with only a block copolymer. Further, it is 
clear that it is also excellent in ethanol resistance and oil resistance. 
10 Further, when the obtained sheet is used as a superficial skin material 
for an automobile, it is required to be adhered to polyurethane which 
are generally used as a substrate, and it is clear that the thermoplastic 
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elastomer composition is favorably adhered. 

INDUSTRIAL APPLICABILITY 
Since the molded article obtained by molding the 
5 thermoplastic elastomer composition of the present invention is 
excellent in heat resistance, weather resistance, chemical resistance, 
adhesivity, flexibility, abrasion resistance, it can be used as materials 
having purposes such as a superficial material, a touch material, an 
appearance material, an abrasive resistant material, an oil resistant 

10 material, a dumping material and an adherent material; as arbitrary 
shapes such as a sheet, a flat panel, a film, a small size molded article, 
a large size molded article and the other shapes; further, as parts such 
as panels, steerings, grips and switches; and further as a sealing 
material. Their uses are not particularly limited, but uses for an 

15 automobile, for home electronics products or for electric products for 
office supplies are exemplified. Examples thereof are a superficial 
skin material for an automobile, a touch material for an automobile, an 
appearance material for an automobile, panels for an automobile, 
steerings for an automobile, grips for an automobile, switches for an 

20 automobile and panels for electric products at home or office, switches 
for electric products at home or office. Among those, it is preferably 
used for a superficial skin for an automobile interior. 



